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Two TAG Recorder- 
Controllers for all 
Drying Needs — 


TAG Automatic Temperature 
Humidity Recorder-Controller 
EN years ago TAG int: 
the first “drying schedu 
troller with time feature for t! 
ber industry. Lately there ha 
demand for a simpler instrumen: 
similar to the famous TAG Tempe: 
ture-Humidity Recorder-Control] 
7 Th embodying, new convenien 
refinements. 
Here it is—not an untested instrument, but one that 
giving profit-winning satisfaction on many important lu 
ber dry kilns. 


TAG Round Form Improved 
Recorder-Controller 


N addition to the new and su- 

perior TAG Round Form con- 
struction, this improved TAG 
Recorder-Controller incorpo- 
rates many important features. 
Supplied with either mercury, 
fully compensated mercury, gas- 
filled or vapor tension tube sys- 
tem for temperature control or 
with a pressure system for pressure control. 
Outside adjustment of setting pointer, no restrict 
pen movement and a ‘“‘Swing’”’ Control adjustment 
a few of its many features. 





itn if - 





S840 3352 
Ta) MTEL 


There are fully tllustrated catalogs describing 


utility of these instruments. Send for your co; 


Prey st 


ELAN OAD TARP 











-JI.TAGLIABUE MFG. C0. 


PARK AND NOSTRAND AVE’, BROOKLYN, N.Y. 
Thermometers with the TAG-Hespe RED Reading Clumn 


BRANCH OFFICES ano “FACTORIES 
BIRMINGHAM. ALA, BOSTON MASS. CHICAGO. NLL. = ®CLEVELANO Oo 
PITTSBURGH. Fs. PORTLAND, ORE. © GAN FRANCISCO. CALIF | 
A] ‘EPORT.LA. ST LOUIS,.MO.  YORONTO. ONT. can 
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™ BERAIN ia 
ROBOT 


ITHIN recent years, the inventive genius of In- 
dustry has given to machines fingers that feel, 


eyes that see, ears that hear, noses that smell, 
tongues that taste. Yet when it came to the brain, 
means to intercept, translate and direct the stimuli to 
produce the desired reac ns, Industry turned to Weston. 
This time it was for special adaptations of the Weston 
Direct Current Relays. 


As in the past 42 years, during which time Industry 
has laid thousands of electrical measuring and testing 
problems on Weston’s doorstep, the Weston laboratories 
again provided the necessary instruments; built in the 
typical Weston manner—not only to meet specification 
requirements, but to be dependable and faithful in 
service. 

Weston direct current relays have proven extremely 
flexible in their application, having been made for hun- 
dreds of different uses and in thousands of ranges. They 
have been employed in regulating currents or voltages 
within definite narrow limits, in operating signals and 
alarms, automatic control apparatus of many types and 
in conjunction with light-sensitive cells. 


The Weston Engineering Depart- 
ment will be glad to apply its accumu- 
lated knowledge and experience to any 
particular relay problem you may /) 


have. 
! 
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WESTON ELECTRICAL INSTRUMENT 
CORPORATION 
591 FRELINGHUYSEN AVE. NEWARK, NEW JERSEY 
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Fighting for NET Profits 


—Its CONTROL 
that PAYS 


Better service to your present cus- 

tomers, and the ability to win new 

ones, demand strict uniformity of 

product — most readily attained 

when temperatures in furnace, oven 

Typical Minnempalle-Heneywell or kiln are subject to Minneapolis- 
relay for controlling circuits of Honeywell control. 


electric furnaces or motor valves 


of oil or gas fired furnaces Minneapolis-Honeywell systems 
include motorized valves which 
regulate temperatures by control- 
ling the flow of gas, oil and air. 
These valves operate with thei 
own temperature and pressure con- 
trollers or any pyrometric controllers. 
Relays also available for electri: 
furnace operation or for use with our 
motorized valves where operating 
currentis too great for the controller. 
( catalog will be sent on request. 
MINNEAPOLIS-HONEYWELL REGULATOR CO 
2735 Fourth Ave. So., Minneapolis, Minn 


In Canada: Minneapolis-Honey well Regulator ¢ 
Ad., Toronto. 
; Branch Offices: New York, Philadelphia, Bosto 
Temperature Providence, Detroit, Cleveland, Chicago, St. Louis 
controller Milwaukee, Syracuse, Rochester, San Francix 


Motor operating Distributors In All Principal Cities 
both globe and bur- 


ae MINNEAPOLIS 


INDUSTRIAL REGULATORS 


HONEYWELL— 
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Accessibility in the 
“Nth Power” 


The Brown Flush Type Recorder mechanism is supremely accessible. 


The entire mechanism is roller mounted so that it can slide out of 
the case like a file drawer—and swing open (see illustration) like a 
door. 


Everything instantly accessible, for easy, quick inspection. 


Made for measuring temperatures, pressures, °/COz, flows, liquid 
levels, speeds, etc. Get details. 


THE BROWN INSTRUMENT COMPANY 
4482 WAYNE AVE., PHILADELPHIA, PA. 


Branches in 20 principal cities 


Brown Instruments 


to measure is to economize " 
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/ OR the first time the 

f It cosepions story of 

. . el Controlled Valve Re- 
Send For y actions is available. A 
Thi ° s : controlled valve is a very 
This Bulletin SS important part of a con- 
No. A. E. 167 *~ trol unit. You should know the 


story—it’s yours for the asking 


Read this bulletin and you will 
see why Foxboro Controllers with 
Foxboro Controlled Valves have 
been so successful in controlling 
Flow, Temperature and Pressure 


THE FOXBORO COMPANY 
NEPONSET AVENUE, FOXBORO, MASS., U. S. A. 


New York Pittsburgh 
Detroit 


Ss F ng Rochester, \. ¥ 
ito re Portland, Ore 
Salt Lake City Tul 

Chicago ulsa 
Cleveland Los Angeles 


Boston REG. U. S. PAT. OFF Dallas 


Philadelphia THE COMPASS OF INDUSTRY Atlanta 


Instruments for Controlling, Recording and Indicating Temperature, Flow, 
Humidity and Pressure. 
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_MASTER 
INSTRUMENTS 


for Industrial Service 














Pattern 170 
Current Transformer 


Pattern I71 
D.C. Volt or Ammeter 


Pattern 172 


A.C. Volt or Ammeter 


Pattern 173 


Single Phase Wattmeter 


Pattern 174 


Volt Amp Wattmeter 


Pattern 176 


Thermal Voltmeter 


Pattern 175 


Polyphase Wattmeter 








EWELL Master Instruments are the logical 
J choice for all types of field service, factory 
testing, and much industrial laboratory 
work. The complete line includes instru- 
ments in bakelite cases of uniform dimensions 
for practically every purpose. 


Movements of Jewell Master Instruments 
are famous for their ability to maintain a high 
degree of consistent accuracy under the hard- 
ships of portable testing service. 


Scales are much longer than scales of com- 
petitive instruments of comparable size. A 
remarkably large scale opening enclosed with 
non-shatterable glass makes reading easy and 
accurate. Write for descriptive bulletin which 
tells all about them. 


No matter what your instrument require- 
ments, you will profit by calling in a Jewell 
Representative and letting him show you the 
Jewell Instrument that will serve you best. 


JEWELL ELECTRICAL INSTRUMENT CO. 
1650 Walnut Street Chicago, Ill. 


30 YEARS MAKING GOOD INSTRUMENTS 
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with the 


solid cast ILLIUM BOMB 


The heart of a calorimeter is the bomb. A bomb 
that will practically never wear out is the heart of 
Burgess-Parr Calorimeters. 

This bomb, made of the famous acid resisting ‘'I]- 
lium,”’ is cast in a solid piece. There is no lining of 
gold or platinum to wear away—tests are more accurate. 
Re-lining expense is done away with. The true con- 
dition of the bomb is no longer a factor of uncertainty. 

The recognized precision and ease of operation of 
Burgess-Parr Calorimeters are direct results of th 
dependability and long life of the Ilium Bomb with 
which these instruments are equipped. 


BURGESS-PARR COMPANY, ' **eercs *"" 


Oxygen Bomb Calorimeter—Stand- 
ard Type. The Ilium bomb, a jacket 
construction which insures mini- 
mum radiation, the efficient circu- 
lation of the water and accuracy of 
temperature measurement these 
are the attainments which mark 
this instrument. (Below) 


Oxygen Bomb Calorimeter— Adiabatic Typ 

This instrument offers all of the ad 
vantages possessed by the Standard type 
In addition, a water jacket entirely elimi 
nates radiation. Ease of operation and 
speed make it unsurpa ssedfor determin 
ing calorific values. (Above) 
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PRECISION 


For 
Materials 


‘outhwark-Emery 
Testing Equipment 
embraces a wide se- 
lection of precision 
instruments for the 
determination of 
stress phenomena in 
materials testing. 


Their use discloses 
important data cov- 
ering behavior of ma- 
terials under test 


loadings. They aidin 


APPARATUS 


Testi ng 


1,000,000 Ib. 


Universal Testing Machine 


Chesapeake & Ohio R. R 
Huntington, W. Va. 


creative design by 
checking stresses of 
preliminary models, 
full size components, 
and record final ob- 
servations of the com- 
pleted project under 
actual working condi- 
tions. 

Cooperation of our 
test engineering staff 
with your design and 
test departments is 


offered. 


Whittemore Strain Gauge for measure- 
ments of deformation of structures under 
test loadings. 


Electric Engine 
Indicator for de- 
termining true 
internal pressure 
characteristics of 
combustion en- 
gines. 


BULLETINS COVERING 
COMPLETE LINE FURNISHED 


UPON REQUEST 


Huggenberger 
Tfensometers for 
determination of 
stress distribu- 
tion. 


TEST EQUIPMENT DIVISION 


OUTHWARK 


DETROIT OFFICE—STEEL CITY 


ESTABLISHED 18%, 


PHILADELPHIA.PA. 


TESTING LABORATORIES 
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Ultra Sensitive 
Semi-Suspended Meters 


Suitable for experimental work with 
Photo Electric Cells, Current Leak- 


age, Over-Insulation, etc. . . . 


Currents as low as .003 Microampere can be measured. 
Suitable multipliers added to extend the range to any di 
sired value. Controlled by a well designed selector switch. 


These meters can also be supplied in type 507 and type 505. 


Write for information. 


RAWSON 
ELECTRICAL INSTRUMENT CO. 


INCORPORATED 1918 
CAMBRIDGE, MASS. 
Branch Office: Mid-Western Representative 
91 Seventh Avenue EARL N. WEBBER 
New York City Daily News Bldg., Chicago, II! 
Also Manufacturers of AC or DC Thermal Multimeters, Microammeters 
Milliammeters and Ammeters, Microvoltmeters, Millivoltmeters, and Voltmeters 


Cable Testers, Timers, Earth Current-Meters, Fluxmeters, Thermo 
Junctions, Electrostatic Voltmeters, Wattmeters, etc. 


TM 


Write for bulletins. 
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Practical Steel Making. By Walter Lister. 413 pages. Publish, 
ed for the INSTRUMENTS PUBLISHING COMPANY 
3619 Forbes Street, Pittsburgh, Pa., $7.25 postpaid. 
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A Direct Reading Relative 
Humidity Recorder 








ipor-Proof Cabinet 


trument shoyv lz e humidity in per cent, without calculation. 


his equipment makes a continuous record of relative humidit 
on a chart 9% inches wide, calibrated from 20 to 100 per cent 
relative humidity. Within the temperature range from 
degrees F.to 175 degrees F. it is sensitive to a change of 0.5 pel 
cent relative humidity and the limit of error is 1.5 per cent 
relative humidity. The apparatus is particularly suitable fo: 
use with air conditioning equipment in textile mills, paper mills, 
tobacco storage and conditioning rooms, lithographing and print- 


ing plants and constant humidity test rooms. 





[he equipment consists, as shown above, of an L & N Recorder 
and a device for supplying to a wet-bulb electrical resistance 
thermometer a current of the air to be measured. Provision 
of course made for supporting the dry-bulb thermometer neat 
the wet bulb. The thermometers can be located at any distance 
from the Recorder. 

8800 Al Relative Humidity Recorder Equipment $582.50 
Includes: One 8800 Humidity Recorder, one 8172 
Wetting Device, one 8147 Pair Resistance Thermom- 
eters, one 8148-10 Pair Calibrated Leads 10 feet long, 
(longer leads can be furnished at slight extra cost) 
Vapor-Proof Cabinet $85.00 extra. 


Send for Bulletin No. 88o-1 


LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA, PA. 


i LO) ee 


Electrical Measuring Instruments Hump and Homo Heat Treating Furnaces 
G-234 Potentiometer Pyrometers Automatic Combustion Control 
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To Our Readers 


OR the promptness with which INSTRUMENTS subscribers are 

sending in their ballots on the question of Metric vs. English weights and 
measures the editors extend sincere thanks. 

This is the first nation-wide poll ever conducted on this question among 
thousands of engineers, manufacturing executives, and, in general, users of 
instruments, machines, laboratory apparatus, etc. It has begun to arouse 
such keen interest that we cannot refrain from publishing partial returns. 


As this issue goes to press, a total of 2580 signed official ballots have been 
received and recorded. 

The number of subscribers who checked “‘I favor the general use of metric 
weights and measures in the United States” is 1677, 65% of the 2580 


Those who checked “I favor the continuance of our present system of 
weights and measures’’ numbered 413, or 16% 


“I favor complete decimalization of our present system of weights and 
measures was checked by 490, or 19% 


Such is the vote of INSTRUMENTS subscribers, of about 70% of them. 
These ballots are still dribbling in and in our next issue we probably shall 
be able to report the exact stand of an even greater percentage of our paid 
subscribers. 


We delayed sending out the 70,000 ballots to non-subscribers in order 
to give our clerical force the benefit of practice in handling a smaller number. 
In response to inquiries about this now-begun “General Mailing,” the 
following statement is made: 


1. Tne attitude of INSTRUMENTS is neutral; its purpose is to determine the attitude of those concerned 
2. No one outside of INSTRUMENTS ' edit rial staff has influenced our selecti by mailing lists 


3. No official of either of the two societies which represent the ° Met and the “Continuance” viewpoints 
is‘on our staff. Both societies, however, have approved the word ina + Hw ballots as printe ve pee listributed 


Not a single ballot will be sent to anyone whose name does not appear on any of the membership lists 01 
directories which we have selecte 

5. The General Mailing of ballots is going out to the membership lists of fifteen organizations and professiona | 
directories, wnich represent a cross-section of Auntie an engineering. These have been checked to eliminate 
repetitions of names. 


). These fifteen organizations include seven or eight which any thoughtful editor would select, and which have 


a combined membership of more than 60,000. The other organizations, etc., are our own selection for which 
we do not believe we are subject to criticism, but even if we were, their aggregate membership makes up 
less than 10,000 names, 
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an Elec 
an Foundrymer ssociatior 
an Institute of Electrica 
an Institute of Mining 
an Physical Society 
ican R ailway Association 
I gica’ Society 
Society of Civil Engineers 
society of Mechanical Engineers 
n e r Testing Materials 
n Welding Sox iety 


It will be interesting to see how closely the results of this genera 


ing will follow those of the vote of our subscribers. We venture no 
tion: The American engineering world will soon, for the first time 
for itself in “‘significant”’ figures on this question. It will soon “say it 


ballots” through the impartial medium of INSTRUMENTS. 


INSTRUMENTS BOOK SHELF 


The books reviewed in this section can be supplied by Instruments Book Shelf, Instrumenu 
Publishing Company, Pittsburgh, Pa. 








MEASUREMENT BY PositivE DisPpLACEMENT Meters. Handbook 


Publication Department of the American Meter Company, New Y 
1930. Paper, 206 pages, 6 by inches. Price $1.00 


ks 
assification, however, i es ifacturers | discriminates 
the few exceptions. As to what n i It to pu ord The divi 

a direction booklet f e user of ¢ ; ble text book such as “The Mak 
Treating of Steel” issue y the Carr mpany, is a variable dependent largely on the f 
In this case, one would have to be preju 1 to declare after an examination of “Positive Displacen 
that it is merely a manufacturer's d tion b« concerning his own products. That it is far more, that it is 
to the gas ind y and to gas n eral in scope—these facts appear at first glance 

Section 1 on “Measu of Gas" is a brief hi >\| as a description of present practice 

sical Properties of G ca constitutes an impartial treatise which any student would find of real he 
m 5 on “The Measurement of Gases at High Pressure anc 1 Vacuum.” The concluding sections 
a “Testing Meters:” § 8, “Critical w Provers;" 9, “Meter Maintenance and the Four Car 
, Meter ‘Re pairs. 
This | eaves me # hree secti which are purely descriptive of the Ar an Meter Company's pr 
‘The Tinned Stee!-Case Meter;” Sectior > “he Metri ncase Meter Section 6, “The Meter I 
An interesting fe ature of the book i tl is no appendix. Al bles and diagrams are placed 
xtt the ‘Tefe rences ther eto. No wt Ne yrs name appears: We quote fr ve foreword 
he compilation represents a cooperative “4 rt. It is indet to the writings of Gas Me 
ent Engineers throughout the country and to the careful col “tae ration of the executiv 5 pene0 ni 
of American Meter Company under the editorial lead of John C. Diehl, author of the Natural G 
Handbook, 2nd Chief E or of the Company.” 

Mr. Diehl and his collaborators are experienced in Ww t | 1 numerous magazine 
industry, and the prescut work bears every evidence of ically it appears to 
authoritative. Only in a few paragray hs where tk ; art from the strict field « 
ment, can there be any suggestion for yement. An example to v 
is the unfortunate reference, al [ 
n a mixture of air or gas with water vapor. 
vapor and gas jointly occupy e space—entirely filling it. Therefore, to write of “the per 
volume occupied by water vapor™ iscussing relative humidity is erroneous. Immediately followin, 
cussion, two pages are devoted to the determination of atmospheric humidity beginning with the flat stat 
“Two types of instruments are use ; ary type in still or moving air and the sling instrument 
matter of fact, these are but two « : the four types in but one of the five classes of instruments for measur 
pheric humidity; and for accurate determinations various types of abso eption hygrometers and aspirat 
meters are used in preference to these less accurate instruments. It would therefore have been well to ret 

of] ther classes and types M. F. Béhar. 


ch the reviewer ventures t 
rties of Gases, on page 40, to the “space occupied by v 


Regardless of degree of saturation, it is an established fact tl 
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The Handbook of Industrial 
Instruments 
M. F. Béhar* 


CHAPTER IX 


Industrial Humidity Instruments 


(Continued) 


5. Indicating Instruments 


The variety of forms of hygrometric instruments is astounding—which 
fact is not surprising in view of the fact that European scientists and instru 
ment-‘makers have been devising them since 1653 when a dew-point ap 
paratus was discussed at the Florence Academy; and Americans for more 
than a century. Fortunately for the author and reader, most of these 
forms of instruments are non-industrial. In order of industrial importance 
(of indicating instruments) the psychrometer comes a good first; various 
hygrometers second and dew-point and chemical apparatus seem to find 
more use as checking devices than as indicating instruments for the plant 
conditions. 

In the preceding section the five principles or methods of instrumental 
measurement were given. Re-arranging them in order of industrial im 
portance we have psychrometry, hygroscopy, dew-point determination, 
evaporimetry and chemical methods. 

For the sake of convenience we may divide the first method into two: 
true psychrometry, in which the true temperature of evaporation is ob 
tained directly; and semi-psychrometry, which covers all other methods 
based on wet-bulbs. 

From an industrial view point we have tosegregate one “chemical” method 
from all others because it has now been made both practical and continuous. 
Reference is made to the thermal-conductivity method of gas analysis, which 
is the basis of an instrument developed for plant service in 1930. A new 
class is therefore added, making six, and the slightly expanded classification 
now follows: 

Psychrometry (a) true psychrometry 
(b) semi-psychrometry 

Hygroscopy 

Thermal conductivity 

Dew-point determination 

Evaporimetry 

Absorption and other chemical methods 

This list differs from the usual classifications which did not suit the pur- 
pose of this Handbook. The designation “hygrometer,” for example, is 
almost universally applied to instruments of two distinct metaod-classes, 
the hygroscopic or capillary (hair, etc.) and the psychrometric (wet-bulb 
and dry-bulb). It will continue to be applied to both classes because the 


“Engineering Editor. 
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usage has taken root and because al] humidity measuring instruments 
etymologically and scientifically—are hygro-meters, so that headings I, II, 
[I], IV and VI are the five logical divisions of hygrometry. Therefore, 
instead of trying to combat an inconvenient but justified terminology, the 
above list “gets around”’ the embarrassment by recognizing all accepted 
jeanings and by simply omitting the unsubservient term “hygrometer.” 
Thermometric hygrometers belong in Class Ib; hair or membrane hygrom 
eters (hygroscopes, hygrophants, polymeters, etc.) belong in Class II. 
Class V does not belong in a list of hygrometric instruments: evaporimeters 
do not really measure humidity, but practical considerations dictate their 
inclusion. Likewise, the practical viewpoint advises describing in this 
section other miscellaneous aerological instruments which are not strictly 
humiditymeasuring devices. Since they employ the wet-bulb principle 
to some extent, they will be discussed under psychrometers. 

While this section deals only with indicators, references to recorders and 
controllers will perforce be made when describing in turn the various 
methods of measurement. Such descriptions, applying to the primary 
elements of recorders and controllers, will not be repeated in Sections 6 


a | 


and /. 
With the above in mind a general tabulation of all humidity (and some 


aerological) instruments has been prepared. Table IV is thus a practical 
reference for engineers, and is not designed as a scientific tabulation. 


Class I. Psychrometric Instruments 

The classification of psychrometric instruments in Table IV is based on 
the closeness with which each of the four distinct methods involved ap 
proaches the ideally perfect method of measuring humidity by the simul- 


taneous determinations of the true dry-bulb temperature and of the true 
wet-bulb temperature. Since the dry-bulb presents no special problem 
outside of thermometry, it comes down to their respective degree of ac 
curacy of wet-bulb temperature measurement—a characteristic of such 
importance in engineering work that it suggests the division of the psychro 
metric class into graded types. 

We are not referring here to the degree of accuracy imposed by the 
construction of a particular make, model, or individual instrument, but to 
the correctness or incorrectness of the method with regard to the measure 
ment of humidity. There are four methods; hence four types of psychro 
metric instruments. Obviously, an instrument of a type which is influenced 
by factors other than humidity cannot be classified as of the same type as 
one whose principle excludes all such other factors. 

Spray and aspiration psychrometers isolate a continuous sample of air, 
pass it through a “dark” chamber, protected against radiation, and moreover 
pass it over the wet-bulb at a high and constant velocity—a rate of motion 
which is independent of the motion of the air in the room or apparatus from 
which the continuous sample is drawn. In these two types of psychrom- 
eters, everything is done in order to measure two magnitudes only: the 
dry-bulb temperature and the true or ‘theoretical’ wet-bulb temperature, 
that is to say the temperature of evaporation at the prevailing percentage of 
saturation, or the temperature of adiabatic saturation. 

The sling psychrometer is whirled in order to reduce wet-bulb error 
but its bulbs are not shielded. The ordinary “stationary” hygrometer and 
other instruments of that type give wet-bulb readings which are irregularly 
higher than the true psychrometric wet-bulb temperature. 
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Therefore, spray and aspiration instruments are capable of results whose 
accuracy, for all engineering purposes, may be called absolute—the limit 
of error falling well within the most exacting tolerance. The readings of 
a properly used sling psychrometer, referred to tables and ckarts based on 
Carrier's coeficient—formula (27) above—can give satisfactory results. 
Other psychrometric instruments, with unshielded and unventilated bulbs, 
do not give readings from which humidity can be determined more than 
roughly, but—and this is an important but: 

There are cases where it is desired that the bulbs be subjected to exactly 
the same conditions as those to which the occupants of a room or the materials 
in a room or dryer are exposed. In such cases the bulbs must not be 
shielded, must not be ventilated—must be influenced not only by the pre 
vailing humidity but also by the prevailing air motion and by the prevailing 
thermal radiation. In such cases, it should be borne in mind that the in- 
struments measure “humidity plus.” If they are well designed and con 
structed, their indications can be consistent and reliable, with negligible 
variance, and hence of actual value for whatever the purpose may be—such 
purpose, let it be repeated, being other than the exact measurement of 
humidity. 

Velocity Error—Since the present subject is humidity instruments, the 
term “error” is applied with special reference to humidity measurement. 
There are two principal sources of errors in both dry-bulb and wet-bulb 
thermometers. These are radiation and velocity. Thermal radiation 
affects both the dry-bulb and the wet-bulb when these are unshielded, but 
the value of the error is ordinarily small. The velocity error pertains only 
to the wet-bulb and is far more serious. Centuries ago the phenomenon 
of wet-bulb depression was observed and almost a century ago it was 
definitely established that the wet-bulb must be exposed to lively circulation 
in order to give consistent readings. It was not until the 1924 annual 
meeting of the American Society of Mechanical Engineers, however, that 
Carrier and Lindsay presented their 20,000 word paper on “The Tempera 
tures of Evaporation of Water into Air.” (Note the plurality of “tempera 
tures.) In this paper, which represented four years of new and special 
experiments, they reported for the first time the tabulated values of the 
wet-bulb error at different temperatures and different velocities. At 
“zero” circulation and at the common room temperature of 65°F, the value 
of this error is such as to infer a relative humidity of 54% when the true 
relative humidity is 44%. 

Wet-bulb error varies not only with velocity and with temperature but 
also (obviously) with relative humidity. In saturated air, all types of 
psychrometric instruments will give equal readings for the dry-bulb and 
wet-bulb (if radiation effects are excluded, of course). It is at lower per 
centages of relative humidity that the wet-bulb error becomes considerable. 
At 65°F dry-bulb and 10% relative humidity, an unventilated wet-bulb 
would indicate a relative humidity of 26%. 

The lower the temperature, the greater the value of the wet-bulb error 

circulation and relative humidity being equal. At 42°F dry-bulb and 
zero velocity, 40% relative humidity would be indicated instead of 26% 
true value. The error is considerable however, at all temperatures within 
the comfort range. 

Since the value of the velocity error is greatest at low relative humidities, 
when the wet-bulb depression is at its highest value, the error can con- 
veniently be plotted in terms of wet-bulb depression. Carrier and Lindsay 
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not only determined for the first time the exact values of the velocity error 
but also definitely established the fact that it is proportional to the depres 
sion, regardless of the temperature at which it occurs. They computed 
the values of the velocity error for the entire useful range of temperatures 
and velocities and recorded them in a graph giving the values of the error 
in terms of percent of the true, theoretical wet bulb depression. They 
then produce a slightly different graph giving the error in percent of the 
observed wet-bulb depression. This second graph is of distinct practical 
value and is reproduced by permission of eal Carrier and Lindsay 
(Fig. 164). 

Barometric Correction—The velocity errors, as recorded for various 
temperatures and velocities, were computed for a barometric pressure of 
30 inches. The wet-bulb error varies slightly with barometric pressure, 
and for accurate work it is advisable to refer to the table below Fig. 164, 
which is for use in referring to the Fig. 164 wet-bulb temperatures observed 
at barometric pressures other than 30 inches. 

From this table it may be seen that regardless of the value of the velocity 
error a barometric correction is applied to the observed wet-bulb tempera- 
ture. Therefore this same table can be used to correct any wet-bulb 
reading—even one obtained from a high-velocity aspiration psychormeter 
not subject to velocity error—whenever it is suspected that the barometric 
pressure is low enough to introduce a negative error in the wet-bulb 
indication. 

Type 1—Atomizing or Spray 

In this type of instrument the wet-bulb is not covered by a moistened 
wick or sleeve but it is located in a chamber through which passes air which 
has been saturated adiabatically so that it is at the theoretical wet-bulb 
temperature, the true temperature of evaporation. While indicating and 
recording instruments have been made by various concerns, such instru- 
ments were apparently used in the development of the controllers utilizing 
this method, rather than for commercial models. The comparatively high 
cost of an installation, the necessity for employment of compressed air, the 
fact that from one to two gallons of water a day are consumed and that a 
large volume of saturated air is discharged, militates against the employment 
of this method for indicating or recording instruments designed for plant 
use. For automatic control the method is excellent, especially when 
compressed air relays are used in the control system or when the spraying 
device is itself a part of the air conditioning apparatus (see Section 7). 

Type 2—Aspiration 

The usual arrangement surrounding the bulbs of the aspiration psychrom- 
eter consists of two parallel tubes or tunnels through which air is drawn 
at a high and uniform velocity. The fan is always of the exhaust type, 
because if it were placed up-stream, the heat of the motor would tend to 
make both dry-bulb and wet-bulb indications too high. In some forms the 
tunnels consist of two pairs of concentric tubes, the outer surface of the 
outer tube being highly polished in order to eliminate entirely all radiation 
effects. Such is the arrangement of the Assmann aspiration psychrometer 
Fig. 167) an instrument of German origin. 

For the indicating aspiration psychrometers, mercurial thermometers 
are almost exclusively used—carefully matched high-grade thermometers, 
of course, with graduations engraved on the stems. Electrical resistance 
systems and pressure-spring thermal systems of the distance type (bulb, 
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connecting tube and spring) appear to be employed only in the re 
and controlling instruments. The method of keeping the w 
moistened does not seem to matter much—any arrangement which 
able for the particular form of the thermometer bulb employed v 

In the Assmann psychrometer, either bulb is covered with a tubul 
which is moistened, just before an observation is made, by means of a 
specially made for the purpose. This device consists essentially of a rub} 
water-bag small enough to be squeezed in one’s hand, into the mouth 
which fits a glass tube which one raises up into tube b (Fig. 167). 

Cleanliness of water is not as important as purity of water. The preset 
of particles of dirt does not affect the readings until incrustation is not 
Impure water, containing other substances in solution, may cause w: 
readings from the very start. Since the aspiration psychromete: 
instrument of precision it is almost imperative to use distilled water 

A good way of checking the matching of the two thermometers 
remove the wick or sleeve from the wet-bulb. The thermometers sh 
then give the same reading. In high-grade aspiration pyschrometers t! 
deviation from equality in this test should not exceed one-fifth of a deg: 
Fahrenheit when the thermometers are of sufficiently short range to be re 
that close. Otherwise, the difference should not be visible to the nak 
eye. 

T ype 3—Sling 

This form of instrument is the one employed for many years by the | 
Weather Bureau for all government stations. It combines simplicity 
low cost with a high degree of accuracy of method. There should be 
least one sling psychrometer in every plant or department of a plant, o1 
door station, where knowledge of atmospheric humidity is desired. Sling 
psychrometers are made in various forms, including “jack-knife” folding 
pocket instruments, by several manufacturers. They consist of a pai 
carefully matched thermometers with means for whirling and means fo 
moistening the wet-bulb. 

From the U. S. Weather Bureau, the National Bureau of Standards, the 
American Society of Heating and Ventilating Engineers, the Taylor I: 
strument Companies, the Carrier Engineering Corporation, the Parks 
Cramer Co., the E. Vernon Hill Co. and other sources engineers may obtair 
detailed discussions and thorough directions on the use of the sling psychi 
meter, as well as various psychrometric tables and charts. The charts 
reproduced in small size in Section 4 of this chapter and the tables and charts 
included in the Appendix, should prove suitable for almost every industria 
purpose. The following instructions, compiled from some of the above 
named sources, and slightly supplemented, should also prove amply suf 
ficient. 

Take Several Readings—Perhaps the most important thing to remembe! 
is that writing materials are necessary adjuncts. Your first two obser\ 
tions will furnish the reason: as a rule they will disagree. Whirl, read 
whirl, read; whirl, read; ... until the wet-bulb indications are consistent 
If inexperienced cr out of practice, disregard the first two sets of read 
and take the mean of the next two, three or four—that is to say the meat 
a satisfactorily consistent series. 


Read the Barometer—For accurate determinations at high altitudes 


when atmospheric pressure is significantly low, apply the corrections given 


in Table V. 
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Use Clean Water—Ordinary tap water contains a small amount of sus 
ended matter and dissolved impurities. The suspended matter tends to 
clog and harden the meshes of the wick. Substances in solution in the 
water may raise or lower its temperature of evaporation. Therefore it is 
hest to use distilled water, which is available in most plants and if not in the 
plant itself, in the nearest battery service station or drug store. 


Keep Wet-Bulb Clean—The simplest rule is, “Never touch the wet-bulb 
with your fingers.” If even a small portion of the surface of the wet 
bulb is covered with non-volatile substance such as oil or the waxy residuum 
of perspiration, the reading of the wet-bulb will be higher than the true 
temperature of evaporation. The tubular wicking supplied by makers is 
so inexpensive that whenever it is believed to have become dirty, it should 
immediately be renewed. The fabric should fit closely over the bulb, cover 
ing it entirely. Whenever the wick is replaced, it should be tied with 
fine thread above and below the bulb in order to cover it completely. 


Minimize Radiation Effects—It is hardly necessary to mention that 
when observations are made outdoors on a sunny day they should be made 
inthe shade. Indoors, too, it is well to try to minimize the effects of radia 
tion from any source of radiant heat whatever—even from one’s own body. 
And in order to minimize the heat effects of one’s own body through con 
vection currents, it is also well to step from side to side while whirling the 
instrument. For similar reasons it is better to face the wind outdoors (or 
the circulation indoors) so that the psychrometer will not be on the “‘lee 
ward” side of one’s body. 


Get the Lowest Possible Wet-Bulb Reading—This is an important rule to 
follow, because wet-bulb error is almost always a positive error. For this 
reason the wet-bulb should always be read first, immediately after the ob 
server has stopped whirling the instrument, as it begins to rise upon stop 
ping the motion. However, one should not strive for a fictitiously low 
reading by using very cold water, whirling for a few seconds and immediate 
ly taking the reading. The water should ideally be initially at the wet-bulb 
temperature, but a difference of ten degrees or so does not cause erroneous 
readings if the whirling is continued for 45 seconds. 

The Knack of Whirling—This may be compared to aviation—where the 
greatest skill is required in landing. In using the psychrometer, it is not 
dificult to set it in motion and keep it whirling at two to four revolutions pet 
second for 30 to 45 seconds, but a certain amount of skill is required to stop 
and read in the least possible time. This is easily acquired after several 
trials. 


Type 4—Stationary Psychrometric Instruments 

These includes not only the ordinary wet-and dry-bulb hygrometers 
but also instruments of which the bulbs are exposed to the circulation which 
prevails in ducts, dry kilns, etc., where the velocity is sufficient to increase 
the wet-bulb depression, producing readings which are comparable to the 
true psychrometric readings. To this type also belong those instruments 
which are purposedly exposed to the prevailing conditions in order to mea 
sure not so much the humidity as the effective temperature. Finally, 
several forms of single thermometer instruments. 

Wet- and DryBulb Hygrometers—Modernized forms of these familiar 
instruments include models provided with charts and tables. Fig. 169 
shows one such instrument in which the printed table is wound on two 
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rollers so that space is economized and convenience attained. Fig. 170 
shows an angle form designed especially for application to ducts, kilns, etc. 

both bulbs protruding through the wall to which the instrument is fixed. 

For remote-indicating hygrometers, the electrical resistance thermometric 
system is employed in industrial installations (Figs. 171 and 172) but not the 
pressurespring thermal system, to the best of our information, except 
insofar as indicating systems constitute elements of recording or control 
installations. 

For many years Glaisher’s tables and other similar tables have been 
referred to in connection with the readings of stationary hygrometers. 
Carrier and Lindsay have proved that these are altogether unreliable, by 
demonstrating that the wet-bulb error in still air may amount to more than 
20% of the depression. It therefore is always advisable, when the purpose 
of the instrument is to measure humidity, to calibrate it under the condi 
tions of its use-—if these are constant. For this purpose an aspiration 
psychrometer or a sling psychrometer should be used, and the wet-bulb 
thermometer correction factor recorded on a card hung next to the instru- 
ment. The dew-point apparatus or any other accurate humidity measur- 
ing instrument can also be used for such purposes. 

It cannot be too strongly emphasized that there is no such thing as 
perfectly stagnant air in the proximity of a wet-bulb. The conditions 
surrounding a wet-bulb are entirely different from those which prevail in 
the case of a tall glass partially filled with water free to evaporate into room 
atmosphere. In the latter case, there are no convection currents from the 
surface of the water to the air above, as the lower layer of air is colder than 
the room air, and moreover, the saturated air at the surface of the water is 
denser than the unsaturated room air. In the case of a wet-bulb, even if 
the room air is perfectly motionless, the evaporation from the surface of the 
wet-bulb induces a downward current because the air which comes in 
contact with it is both colder and denser. But it is precisely at low and 
uncertain velocities that the highest wet-bulb errors occur. In general it 
may be concluded that stationary instruments are unsuitable for measuring 
humidity in rooms where drafts are variable, but are suitable for such 
purpose in ducts and enclosed apparatus where there exists a constant 
artificial circulation. 


The Kata-thermometer—For the very reason that instruments which are 
best for measuring humidity must isolate samples of the air, these instru 
ments are unsuitable for measuring the combination of humidity and other 
conditions to which are exposed the persons in a room. More than one 
hundred years ago a Dr. W. Heberden, in order to study the conditions of 
the air in a sick-room, heated a short-range thermometer to 100°F (approxi- 
mate body temperature) and timed its rate of fall. This rate of fall, in the 
case of a dry-bulb thermometer, depends on radiation and convection; 
in the case or a wet-bulb thermometer, it depends on radiation, convection 
and evaporation. In 1913 Dr. Leonard Hill revived Dr. Heberden’s 
method and devised the modern Kata Thermometer (from «ara, cooling 
down.) Griffiths in England perfected it in 1915, and it was shortly there 
after approved by U. S. authorities.* The modern Kata Thermometer 
may consist of a pair of carefully matched short-range spirit thermometers 
with very large bulbs and with stems accurately graduated from 95 to 100°F, 


“See report of Committee on Standard Methods for Examination of Air, American Public Health Association 
American Journal of Public Health, Vo. 7, No. 1, Jan. 1917. 
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or to save cost one single thermometer may be used, successively as a dry 
bulb and as a wet-bulb instrument. 

The Radia-katathermometer (Fig. 175) is a very recent development 
which can be used also for measuring loss of heat by radiation. In studying 
room conditions this thermometer is used three times in succession for each 
set of readings: first “naked,” then with a special radiation-loss device and 
thirdly as a wet-bulb instrument. In each case the thermometer is heated 
to about 110°F by being placed in warm water. The bath temperature 
need not be exactly 110°—the purpose of the heating being to send the li 
quid column sufficiently far above the 100 mark, well into the expansion 
bulb at the top. After being heated the thermometer is exposed to the 
conditions of the room under study. The time to fall from 100° to 95° 
is taken with a stop-watch. (The mean is 97.5 which is close to the stand 
ird body temperature of 98.4). 

First the thermometer after being carefully dried, is coo 
This gives the rate of cooling by radiation and convection 

Next, the thermometer bulb, after being heated and dried, is placed in 
vacuum bottle as shown in Fig. 175. Thus insulated from heat loss by 
convection and evaporation, the rate of fall from 100° to 95° is a measure of 
the cooling by radiation alone. 

Next the thermometer bulb is covered with a moistened wick and heated 
to 110°. It is then withdrawn from the source of heat and again the rate 
of cooling from 100° to 95° is observed. The rate of cooling depends this 
time on convection, evaporation and radiation. 

From the lengths of these three cooling periods, and especially from the 
differences between any two, the comfort conditions in any room are deter 
mined not only with a high degree of accuracy but with reference to estal 
lished standards. 

Effective Temperature Thermometers—We have seen in Section 3 above 
that Effective Temperature is a term adopted by the American Society of 
Heating and Ventilating Engineers to denote the combination of tempera 
ture, humidity and air motion. Fig. 156 shows the effective temperature 
lines for still air conditions and Fig. 157 shows the effective temperature 
lines for 100 ft. per minute velocity. In recent years, as a result of these 
discoveries, there have been developed thermometers with two communicat 
ing bulbs, one dry and one wet, the mercury volumes and the bulb surfaces 
being so proportioned that the height of the mercury thread, when the 
covering of the wet-bulb is moistend and when the thermometer is exposed 
to the prevailing room conditions, will directly indicate the effective temper 
ature without the use of charts or tables. In recent models the two bulbs 
have been replaced by a single long bulb, the wet and dry portions of its 
surface definitely separated and proportioned for each individual instru 
ment by fastening the wick in place by cement and silver wire. There are 
two models, (Figs. 176 and 177) one gr duated in effective temperature 
degrees from “50” to “80” and the other with a scale marked 0 at the com 
fortable effective temperature of 64° and with each degree above or below 
this point marked 1, 2, 3, etc., up to 15. The scale is so arranged because 
the effective temperature scale means nothing to the average individual 
who is unfamiliar with effective temperatures, psychrometric charts, et 
In using this model the observer only need know that the maximum condi 
tion of comfort is zero on the scale (whence the trade name “Zero’’) and that 
the degree marks above or below represent departures from the desirable 
conditions. 


led in the open. 
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The directions for use of these thermometers state that “to obt 
curate information as to comfort conditions it is only necessary to 1 
the wet-bulb portion of the instrument, swing or gently shake it i1 
until the indicating liquid reaches the lowest point, then read th 
This gives the effective temperature directly without the use of cl 
tables." It seems to the author that thus artificially ventilating th 
bulb defeats the purpose of the instrument. In a room where tl 
lack of perceptible circulation of the moderately warm, moist air is de 
uncomfortable, such a thermometer, if sufficiently fanned, would fictit 
indicate an effective temperature within the comfort zone. 


Singlethermometer Hygrometers—The temperature of the water 
small corked flask is not the temperature of evaporation but the ° 
or dry-bulb temperature. If a thermometer be inserted through th 
and if evaporation be prevented, the thermometer will give the dr 
temperature. If the bulb of such a thermometer be covered by a w 
bulb and wick being immersed in the water but no evaporation taking pl 

the thermometer will still give the dry-bulb temperature. Remove t 
thermometer, cork and wick from the flask or “well,” and that combit 
now constitutes a wet-bulb thermometer. 

By successively reading the thermometer when its well is corked 
when its wick-covered bulb has been withdrawn, one obtains the equi\ 
of a two-thermometer psychrometric instrument. If the wet-bulb i 
ventilated one has the equivalent of a stationary hygrometer; if the wet 
bulb is vigorously ventilated one has the equivalent of a sling psychromet 


This idea is employed in a line of convenient little instruments of whic 


there are three principal models: (1) instruments consisting of a wo 
metal back which is hung on a wall and to which the well is permanent 
attached while a handled thermometer may be detached and whirled, 
a sling psychrometer. (2) Instruments with a wood or metal back on wt 
is imposed a chart designed for industrial purposes, as illustrated in Fig 
(3) Same construction, but the chart is an effective temperature or ““comf 
chart, as illustrated in Fig. 174. 

An excellent essential feature of all such “well” instruments is that t 
covering of the wet-bulb (or of the single bulb) is protected from dust ar 
dirt when the instrument is not in use. And the distilled water | 
longer. 


Comfort Thermometer—This is one thermometer, not a pair nor a ther 
mometer with two bulbs. It only has a wet-bulb but its scale is d 
the right side graduated in degrees F in the ordinary manner and the 
side providing a scale (in red) which gives the desirable dry-bulb temper 
for whatever wet-bulb temperature is indicated by the instrument. A 
64° the scales are reversed as a comfortable wet-bulb temperature « 
be obtained above this point. Above 64° therefore, the instrument ' 
used as a dry-bulb thermometer and the complementary scale then giv 
desirable wet-bulb temperature for the dry-bulb temperature shown 


Class II. Hygroscopic Instruments 

Thousands of different organic materials respond to variations in 
pheric humidity by changes in linear dimensions, shape or weight 
are excellent in that they make possible the manufacture of inexpens 
hygroscopes. Only a few are acceptable for use as the primary element 
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, hygro-metric instrument. Not one material combines all desirable 
propel rties such as 
(1) Humidity-dimension relation of such form that it can be expressed 

athematically over the entire useful range in order to make it possible to 
design an instrument with a reliable scale. 
(2) Quick response, high sensitivity. 

Low hysterisis. 

Negligible variance. 

Permanent calibration—no aging, fatigue, or deterioration. 

Unaffected by temperature variations. 


Not one material—according to the best information in 1930—possesses 
both the first and the fifth properties to an extent at all comparable with 
those of the well-known thermoscopic fluids such as mercury, alcohol, 
nitrogen, etc. 

The search for the ideal hygroscopic material still continues but for many 
lecades human hair and animal membrane have both given fairly satis 
factory results in hygroscopes, though each has its limitations. si 
air under moderate tension elongates nearly 3% from dry to saturated a 

The Parks‘Cramer Company, alongside an Tiustration of the “P ies” 
Hygrometer (Fig. 178) in one of its own publications, prints, with com 
mendable candor, the following: 

The hygroscope has proved of limited value except as a rough indicator of humidity for 


the dog reg reasons: 
) The moisture content of hygroscopic materials at a given relative humidity is affected 
by ceaminie changes; 

2) The slowness with which the material takes on and gives off moisture in response to 
atmospheric changes impairs its accuracy; 

(3) The readiness of the substance to take on dust, etc., from the atmosphere, soon causes 
deterioration or otherwise so affects the hygroscopic property that indications are generally 
unreliable; 

4) The elastic properties of animal and vegetable substances are variable. Hygroscopi 
members are liable to take a temporary or permanent “‘set."’ This is especially true ifter 
prolonged exposure to a moderate or dry atmosphere. 

At best, frequent adjustments are necessary to make readings of the hygroscope conform 
to those of the sling psychrometer, the accuracy of which has been demonstrated. Never- 
theless, the use of the hygroscope is sometimes recommended in locations where quick, easy 
reading is of more importance than accuracy. 


On the other hand there may be cited the fact that the U. S$. Weather 
Bureau has “officially adopted” a form of recording hygrometer in which 
the primary element consists of a number of selected, treated and matched 

ge? human hairs. Which fact is of lesser importance to engineers when it is 

Coubie considered that the men who use these hygroscopic instruments for mete- 

the lett orological observations are government specialists who moreover use 

sti. psychrometers and dew-point apparatus in order to calibrate these hygro- 
scopic recorders. 

The one great advantage of hygroscopic primary elements is that they 

bviate the need of thermal elements, thus simplifyit 1g the construction of 
instruments. For automatic control where “accuracy” is required only at 
one point (or only within a short range between two points), hygroscopic 
actuating elements of hair, membrane, wood, etc., give excellent results. 
See Section 7. 

Fig. 178 shows an industrial form of hair hygrometer. Fig. 179 shows 
one form of the “metal spiral” hygroscope, a German instrument which is 
found in surprisingly large number in American plants. The hygroscopic 
material (a sort of wood-pulp—"‘just plain paper,” we are informed) forms 





Page 62¢ INSTRUMENTS Oct 








a coating on one side of a metal spiral. The action therefore resem 
of a bimetallic spiral thermometer—and it is reasonable to supp 
errors in humidity indication are caused by exposure to extremes of 
and winter temperatures unless the coefficients of thermal expansio: 
metal and of the “paper’’ have about the same value, which is unlike; 

This suggests one important limitation of hygroscopes not mentio 
above—their unsuitability for humidity measurement outside of a compa; 
tively short temperature range. 

The foregoing brief discussion refers only to the dimensional ty; 
hygroscopic instruments. The gravimetric type is not made up in indust; 
alforms. It consists essentially of a balance or of a spring:scale, with a par 
holding a given weight of a hygroscopic substance. The higher tl 
mospheric humidity, the greater the weight of the substance in th: 
Recorders as well as indicators are manufactured in various forms, 
appear to be delicate laboratory instruments. 


Class III. Thermal Conductivity 


instrument has made its appearance—the Leeds & Northrup. The primar 
element is a comparison cell; the circuit is essentially a Wheatstor 
bridge; the measuring instrument is a potentiometer. No indicator has 
been made up—only a recorder, and therefore this class will be describe 
in Section 6. 


Class IV. Condensation 

This class comprises only the dew-point apparatus, which is made up 
several types and numerous forms. The simplest, readily available ir 
industrial plant, consists of a pitcher ofice-water, a polished metal cup and 
sensitive etched-stem thermometer. The cup is halfilled with tap water 
ice-water is slowly added and the mixture stirred with the thermometer 
which is read twice: the moment dew appears on the cup, and the moment 
it starts to vanish as the cup temperature slowly rises. The mean of the 
two readings is fairly close to the true dew-point. It will usually be a trifle 
high on account of heat from the observer's body. The mean of a series 
observations, as in the case of the sling psychrometer, is the value t 
obtained when accurate results are desired, no matter how crude or elaborati 
the apparatus may be. Modern commercial forms of the dew-point 
paratus embody provisions for shielding the bright metallic surface from 
undesirable outside influences, for regulating the temperature of the liqu! 
(ether is frequently used) very slowly, for precision of surface temperature 
measurement, etc. It would appear that such modern refinements are on! 
to be found in European-made apparata—the American-made devices seer 
to be designed for school laboratories rather than for industrial plants 


Class V. Evaporimetric 

The evaporative power of the air depends principally on the prevailing 
“deficiency” which may be expressed in several ways as discussed in Sections 
1 and 4. It also depends on the prevailing temperature. It also depenc 
on the prevailing circulation in any processing room, storage room, etc. It 
may be calculated from the readings of hygrometric and anemometric 
instruments. It may be measured directly, however, by any instrument 
in which a sheet of linen, paper, etc:, of definite area, fed with water fro 
a graduated reservoir, is exposed to the prevailing conditions. Such 
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sstrument is illustrated in Fig. 180 (which is reproduced from an English 

‘ = ye because a search through American literature failed to produce any 
rable device.) It would seem that this class of instrument holds 








re 
(da. 





interesting possibilities in the way of eliminating complicated calculations 
and occasional guesswork in connection with industrial problems involving 
not so much the humidity of the air as its actual evaporative power. 

No scale has yet been devised (at least, none has been adopted by any 
engineering body) for the evaporative power of air. Such a scale would no 
doubt resemble the scale of “‘effective temperature” as discussed in Section 
3 above. Evaporimeters can only give the evaporative power of the ai 
in arbitrary terms. Nevertheless, these terms can be always the same, 
can be standardized, by standardizing the construction of the instruments 
and their conditions of use. In wie case of one instrument used in one plant, 
however, standardization is unnecessary and the only requisite is a log or 


notebook. 
The following description and instructions are given by Messrs. A 
Gallenkamp & Co., Ltd., London: 


This instrument affords a simple means of measuring directly the volume of water evapo- 
rated from a moist surface of known area. The moist — consists of a piece of linen 
measuring 100 by 50 mm., held vertically, by means of a hinged frame, over a copper water 
reservoir fitted with a graduated glass side tube, as shown in the ie. The sheet of linen 
ends in a tongue, which dips into the water, and is thus kept dar 

The graduations are such that they give the number of units J volume evaporated per unit 
area exposed. Thus a fall of 0.24 shows that 0.24 cubic inch, or cubic centimeter, has evapo- 
tated from each square inch, or square centimeter, of the surface exposed. 

To set the instrument, insert the linen in the frame and fix this in the cover previously 
removed from the vessel of water. Then wet the linen and place it and the cover on the 

vessel. Before reading the level of the water in the side-tube it is well to allow the linen to 
drain for a few minutes, and then the water should, by means of a piece of rubber tubing, be 
drawn up a short distance to make sure that the graduated tube is thoroughly wet. Care 
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should be taken that the side-tube is quite clean, and that there are no bubbles ei 
in the rubber tubing. The water should be distilled or rain water. It is not 
adjust the reading to zero, provided that the reading at the time of setting the 
noted 

It is essential that the linen should be always moist all over; if it is found 
will probably be due to greasiness, and a fresh piece should be substituted. The 


[ 
however, will generally remain effective for many weeks. Blotting or filter paper 


not t 


be used without influencing the results 
The amount of evaporation has been found to be uninfluenced by the actual 


water in the vessel. A little evaporation occurs through the aperture in the 
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Fig. 184 


amounts to about 3 percent of the total evaporation, and such a correction cat 
applied, though, asa rule, it wili be a negligible quantity 

The temperature when the instrument is adjusted and when the evaporation is re 
be the same; if it is not, a fairly accurate correction may be applied by subtracting { 
last reading 001 for every degree C., or .0005 for every degree F. that the temperat 
last observation is above that at the first observation, or vice-versa 

Both this, and the correction due to evaporation through the slit in the cover, may 
be obviated by having a second instrument, similar in every respect to the former, ex 
in the latter case, evaporation from the linen is prevented by a strip of grease drawt 
the neck of the linen. When the apparent evaporation* as indicated by this instr 
subtracted from that indicated by the first onet the true evaporation is obtaine 


further correction. 


Class VI. Chemical 

With the exception of one (the thermal conductivity hygrometet 
chemical devices for measuring humidity are forms of laboratory appat 
rather than of industrial instruments. Capable of exact results, they 11 
industrial employment in checking and standardizing the practical every 
instruments and on that account deserve mention. Fig. 181 shows 
of absorption flask for the gravimetric method. Two forms of the sulp! 
acid absorption apparatus in which the vapor pressure is obtained by t 
fall of the manometer are shown in Fig. 182 (H2SO, in graduated burett 
and Fig. 183 (pipette acid feed). The acid is fed drop by drop until eq 
librium is reached. Fig. 184 shows an improved apparatus for this met! 
with lagging H around glassbottle R and an arrangement whereby after t 
acid in container S is released the manometer can be read after a mi 
so, whereas the burette-fed apparatus requires hours. As for volu 
hygrometers, they are forms of the well-known Orsat apparatus. 


o say, the actual evaporation through the slit in the cover. 
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Measurement 
of Air Flow 


E. Ower, B.Sc. (Lonp.), Hons.I., A.C.G.I. 


Bramwell Medallist; Member of the Institution of Satine and Ventilating 
Engineers; Assistant in the Aerodynamics Department, 
National Physical Laboratory 


CHAPTER VI (Cont'd) 

The Venturi Tube.—The factor which contributes mostly 
to the loss of head through a plate orifice is the sudden increase 
of area after the air has passed the orifice; the rapid converg- 
ence of the stream on the upstream side as it contracts to pass 
through the orifice is found to be of minor importance. The 
cause of the loss of head on the downstream side seems to be 
that the space between the boundaries of the jet and the walls 
of the pipe before the jet has expanded again to the full pipe area, 
becomes filled with “‘ dead air,’ in a state of violent turbulence, 
in which an appreciable amount of energy is dissipated. If the 
transition from the full pipe diameter to the minimum section 
and the subsequent re-expansion to the full area are carried out 
gradually, by actually guiding the air through conical lengths 
of pipe of fairly small taper (see below), the pressure drop from 
the upstream entry to the minimum section, or “ throat,” 
may be in large measure recovered after expansion. An ar- 
rangement of this kind, in which the section of the pipe is gradu- 
ally reduced and subsequently expanded to its original area, is 
called a Venturi tube, and it may, in certain cases where it is 
desired to avoid loss of head, be preferred to an ordinary orifice 
plate. It has the disadvantages that it is more expensive, and 
that its insertion in an existing pipe line necessitates more 
alterations and fitting than that of an orifice plate. 

The Venturi tube is usually constructed of approximately 
the proportions shown in Fig. 28. The apex angle of the 
converging upstream cone is about 20°, and that of the diverg- 
ing downstream cone about 5}°, changes of slope being made 
through easy curves. In order to obtain good mean values 
of the static pressure at the entrance and the throat, these 


sections are usually surrounded, as in the diagram, by annular 
chambers, or ‘‘ piezometer rings,’ connection being made to 
the inside of the tube by means of a series of small holes pierced 
round its circumference. Two tubes, one from each annular 
chamber, are led to a suitable manometer. 

The slopes of the inlet and outlet cones have been fixed 
by experience. In order to reduce the wall frictional losses 
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through the Venturi to a minimum, it is obviously desirable ¢, 
make the instrument as short as possible, i.e. to make the diver 
gence and convergence as rapid as possible. As regards the exit 
cone, however, it is found that a diverging conical pipe having a 
total included angle of more than about 7° does not “ run ful] 

that is to say, there isa tendency for the boundaries of the str; 1 
to leave the walls and give rise to a “ dead water” r Sinn 
which, as in the case of the jet from an orifice, leads to a los: 
of head. For this reason the exit cone must be long and genth 
sloping, the maximum permissible angle being about 7°. The 
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Fic. 28.—Venturi tube. 


unavoidable increase in the wall friction consequent upon the 
long exit cone is small compared with the loss of head experienced 
if the exit cone does not run full. The inlet cone, in which 
there is no tendency for the stream to leave the walls, can 
be made considerably shorter with its walls sloping at a steeper 
angle. A limit on the slope is imposed in this case by the con- 
sideration that the throat of the Venturi must run full and that 
the direction of streaming there must be everywhere paralle! 
to the axis of the pipe. If the slope of entry is too steep ther 
is a tendency for a vena contracta to be formed in or near th« 
throat. It is probable that an entry of a form similar to that 
of a shaped nozzle (see Fig. 30) could be used with advantage 
and be considerably shorter than the conical inlets in common 
use on Venturis; but it would, in view of the more careful 
shaping necessary, be more expensive to construct than a simpl 
converging cone. In practice, a 20° conical inlet is found to 
fulfil requirements and has been generally adopted. 

The quantity of air flowing per minute through a Venturi 
is calculated by the use of equation (12), the quantity 7 now 
being taken as the ratio of the area at the commencement 
of the entry cone to the area of the throat, whilst 4, and /, 
are the pressures at these sections. As in the case of the orific 
if ps is less than about 0-98 the value of the compressibility 
factor C in equation (12) begins to differ appreciably from unit) 
and must be determined. Since thé minimum area of the Jet 
in a properly designed Venturi is equal to the area of the thr 
there is no need to apply a correction, similar to that necessar\ 
for a plate orifice, to the value of y in calculating C. 
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The coefficient of discharge a of a Venturi is, on account of 
the absence of any contraction of the stream after it issues from 
the throat, considerably greater than the normal discharge 
coefficient of a plate orifice, being, in fact, usually between 
o-95 and 0-98. There does not, unfortunately, appear to be 
sufficient published information to enable the coefficient to 
be stated with a great degree of precision. In the first place, 
no particular design of Venturi has been adopted as a standard, 
and, aS was pointed out in discussing orifice discharge, the 
coefficient must to some extent depend upon the shape and 
proportions of the constriction. Secondly, most of the published 
data obtained from systematic tests relate to the flow of 
water. A useful analysis of these data has been made by the 
American Society of Mechanical Engineers in their Report 
on Fluid Meters (Part I.), where the information is presented 
in such a form that it may be applied, within certain limits, 
to the flow of air. 

We have already seen (equation (11)) that the coefficient 
a in the case of the flow of an incompressible fluid through any 
one of a series of geometrically similar constrictions is some 


91 


DA 


1, 
-, where v, and d, are the velocity 
“ 


function of the quantity 


at the throat and the diameter of the throat respectively, and 
y is the kinematic viscosity of the fluid. All the quantities 
must be in terms of a consistent set of units—in England the 
foot-pound-second system is usually adopted. It has also been 
shown that the use of this criterion is not restricted to any 
particular fluid. For instance, two constrictions geometrically 
similar to each other will have the same values of a when one 
is delivering air and the other water, provided that da for 
ait 


olds 
the one is equal to —** for the other, and provided also that 
V water 
the pressure changes in the air are small enough to warrant its 
being regarded as incompressible. We can thus make use of 
a water calibration to predict with confidence the discharge 
: “ae - Velde rr 
coefficient for air, since at the same value of —— the coefficients 
¥ 
will be the same. This statement, which is a particular in- 
stance of the general law of ‘‘ dynamical similarity "’ as applied 
to fluid motion, has a rational theoretical basis and has been 
fully substantiated by experiment. 
Making use of this law, the American Society of Mechanical 
eae Uehs_ ;: ; 
Engineers * have plotted on a base of —~ reliable data, obtained 


from various experimental sources, relating to Venturi coeffi- 
© £06..\C88. 
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cients, and have found that a mean curve can be drawn th: 

all the experimental points, none of which shows a departur 

exceeding 24 per cent. of the mean value of a given by thy 

curve. Included in the data are figures for Venturi tul 
smaximum diameter\ 

having { —— 

\ throat diameter 
Strictly, such a curve could only be expected to apply to ge 
metrically similar Venturi tubes of constant ratio, but the fact 
that such good consistency is actually found indicates that ; 
departure from similarity between the above limits does not 
seriously affect the value of a. The curve is reproduced in Fig 


ratios ranging between 2 a1 


Volo . le. 

29 on an actual base of log —— instead of @—?. This method of 
V V 

plotting is adopted in order to include all the data in a diagram 

of reasonable size ; plain plotting on a -— base would neces 
" 

sitate a very long figure or, alternatively, one in which the region 

relating to the higher rates of flow would be unduly compressed 

The American Society of Mechanical Engineers consider that 

values of a taken from this curve may be regarded as accurat 

within I per cent. for Venturi tubes of normal commercial! 

design and construction under normal conditions of installatio: 

and operation, to which proviso must be added, in the case of 


air flow, the condition that the ratio po should not be less thar 
1 


0:08. 


A variation of a with Po of a nature related to the similai 


1 
at 


1 
variation observed with plate orifices, has been recorded b 
Gibson * in tests on a small Venturi having a throat diamete! 


45.50 #55 60 
. U2d¢ 
i ee 


Fic. 29.—Venturi coefficients. 
of 1} inches in a 3-inch pipe. He found, as shown 
Table IV., that a increased by about 5 per cent. as A was 
diminished from 1-0 to 05. 


* Proc. Inst. Mech. Engineers, October-December, 1919, P. 59 
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TABLE IV. 


0°94 O°gi 
| 
It is of interest to compare Gibson’s results with the curve 
of Fig. 29. The limiting value of a shown in the above table 


as pe approached unity was obtained by extrapolation of the 
1 
experimental curve and does not, of course; represent an actual 


condition of flow, which must be zero when pr 1. We may 


1 
therefore suppose without much error that Gibson's Venturi 
had a coefficient of about 0-g2 (probably somewhat less) at a 


value of Pe of 0-99. Now for this value of a which, if p, be 


1 1 
taken as normal atmospheric pressure, corresponds to a pres- 
sure difference p, — , of about 4 inches of water (say 21 pounds 
per square foot), equation (7a) shows that the velocity at the 


throat of this particular Venturi was about 138 feet per second. 
Taking v as 0-00016 we therefore find, since d, = I°5 inches 
. Vos ; 
1 foot, the value of — to be 108,000 approximately, so that 
i ; 


Cal 


d. a 
log 2? 5-02 and the value of a from Fig. 29 should be about 
aa a. 


0976. There is thus a discrepancy between Gibson's figures 
and those of Fig. 29. It should be noted, however, that the 
exit cone of the. Venturi used by Gibson had a steeper slope 
than that commonly used. The expansion from 14 inches 
diameter at the throat to the full 3 inches diameter occurred in 
a length of 6} inches, which corresponds to an apex angle of the 
cone of 13°. This was almost certainly too large an angle for 
the cone to run full, particularly at the high throat speeds used 
in these experiments, and it is possible that this factor may have 
contributed to the relatively small value of a at the rates of 
flow at which the air could legitimately be regarded as incom- 
pressible. In the absence of further information no definite 
conclusion can be drawn, but the remarkable agreement ob- 
tained between different sets of experimenta! results in the 
derivation of the American curve of Fig. 29, and the fact that 
this method of correlating data rests on a secure theoretical 
basis, would seem to justify the practical application of this 
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curve, within the limits stated, to derive values of a in al] cag, 
of air flow where the highest accuracy is not requir 
special cases a calibration of the Venturi in situ may | 
formed in the manner previously described for an orifi 
bration. Gibson’s results may be used to give an indi 
of the variation that may be expected in a with changes | 
expansion ratio. 

In order to deduce the discharge coefficient from |] 
a knowledge is required of v,, the throat speed, and ; 
former can be determined from equation (3a), treating t] 


as incompressible. This is only permissible if ps is not 


1 
different from unity, but it must be remembered that Fis 
only holds for incompressible flow, since it was derived fr 
experiments with water, so that it cannot be relied upon 1 


give good accuracy if Ps is less than, say, 0°95. Values 


1 
for air in foot-pound-second units are given for a range of ter 
perature in the following table : 

TABLE V 


Values of v for Au 


" » + ‘a > » os 
— — nie yen gp oe Value of ; 
eg e eg. ent. 





The pressure loss in a Venturi is appreciably less than t! 
caused by an orifice, about 80 or go per cent. of the drop fron 
entry to throat being ultimately recovered. (Compare fig 
27.) Otherwise, the Venturi in its practical aspects pres 
much the same features as the orifice, and the remarks mad 
under the latter heading regarding the relatively high pressures 
obtainable at low speeds, and the facility with which continuous 
records of flow can be taken, apply equally to the Ventur 
As with the orifice plate, it is also important to have a sufh 
cient length of straight pipe upstream of the entry. 

The Shaped Nozzle.—The chief disadvantages of the plat 
orifice are the uncertainty that exists regarding the area of th 
vena contracta and the relatively large resistance it offers to 
the passage of air through it. Both these undesirable features 
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are, as we have seen, avoided by the use of a Venturi, but only 
at the expense of considerably increased cost and installation 
difficulties. The shaped nozzle, which 1s, in eftect, a Venturl 
with the expansion cone removed, is a device intermediate 
between the two types of constriction hitherto considered. The 
unrecoverable loss of pressure through it is only slightly less 
than that through a plate orifice, and in this respect it 1s in- 
ferior to the Venturl. It possesses, however, the important 
feature of the latter that the jet at the section of low-pressure 
measurement is parallel and of an area equal to that of the 
minimum area of the constriction itself, since no subsequent 
contraction occurs. As regards cost and difficulty of installation 
it is superior to the Venturi, and only slightly worse than the 
plate orifice. Unless ease of installation and first cost are 
prime considerations, it is the author’s opinion that in the 
TABLE VI 


German Standard Nozzles Dimensions in Millimetre 


igth and Diameter 
of Chamfer,. 


Diameter. 
Throat 
Diameter, 


Pipe 


IO 4 20 
28 ; 14 | 34 
: 34 ‘ 17 | 4° | 
100 40 f 20 | : | $0 
150 60 ' an 7! 68 
200 80 40 | 88 29 
500 200 4 100 | 210 2 | 30 
[000 400 5 200 | | | {10 5 | | 30 
1500 600 | 8 | 300 |} O10 8 30 
| 2000 | 800 | 1120 | 400 | 810 | > | 820] 30 
2500 | 1000 | 1400 500 | 844 | | 1010 | 2 30 











majority of cases the shaped nozzle is the best form of con- 
striction to use. 

Two types of shaped nozzles are illustrated in Fig. 30. 
It will be seen that there is a curved entrance terminating 
tangentially in a direction parallel to the axis of the pipe. 
Some types have a short cylindrical throat at the end of the 
curved entrance, but this is found not to be essential, as, by 
properly shaping the curve, the fluid can be made to issue 
from the nozzle in a straight cylindrical jet without any parallel 
walls to guide it. The pressure drop through the nozzle is 
measured near the entry and at the throat, as shown in the 
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diagram, and the flow is calculated, as for a Venturi, by ¢ 
of equation (12). The discharge coefficient for a wel] de 
nozzle is about 0-95, varying somewhat with the design 
The nozzles illustrated in Fig. 30 have been standa 
by the Association of German Engineers in their rules { 
testing of fans and air-compressors. The thick plate t 


if 


where weight is not objectionable, and the other (Fig 
for larger pipes. The princ ipal relative proportions ar 


in the diagrams, and the leading dimensions for a num] 
pipe sizes in Table VI. 
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Pressures are measured at the upstream and downstr 
faces of the flange of the nozzle, by means of pressure taps 
leading, as shown in Fig. 30, to annular grooves cut in the 
faces of the flange. Between each pipe flange and the adjacent 
face of the nozzle flange is inserted a packing ring which covers 
and seals the annular pressure groove entirely, except 
number (4 to 20, according to the size of the nozzle) of places 
around the circumference, where slots cut in the ring put it 
direct communication with the pipe static pressure at thes 
points and so enable the mean pressure to be led to the mat 
meter through the pressure tap connected to the ring. 

The determination of the discharge coefficient of thes 
nozzles formed the subject of a careful investigation by Jakol 
and Erk * who found that the coefficient was sensibly const 


+ 





vd 
for values of at the throat ranging from 71,000 to 377 
y 
* Fors hungsarbeite n auf dem Gebrete des I ngenieure esens, No 
1924, Der Druckabfall in Glatten Rohren und die Durchflussztffer 


Normaldiisen, published by the Verein Deutscher Ingenieure. 
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The maximum drop across the nozzle in these experiments was 
6} inches of water, so that equation (5) for incompressible flow 
could be used, the absolute pressure in the pipes being always 
ap proximé ately atmospheric. Since in this standard nozzle the 
ratio of the pipe diameter to the throat diameter is specified 
as constant for all sizes and equal to 2:5, it saves numerical 


instead of 
I 


Expressing 


. - e ’ ha 
work to obtain a value of the expression a Va 
y2 


a only, and to call this the coefficient of the orifice. 
their results in this manner, Jakob and Erk found the coeffi- 
fits . vd 
cient within the above-mentioned range of to have the 
- 
mean value 0-96, whence, since 7, the ratio of the areas, is 6°25 
a for this nozzle becomes 0-948. Earlier experiments on this 
standard nozzle, in which the quantity of air flowing was 
measured by means of a calibrated gasometer, had indicated 
coefficient of 0-97 to 0-995, but the various practical diffi- 
culties attendant upon this method of measurement (as, for 
example, the determination of the true mean temperature of 
the air in a large container such as that used, which had a volume 
of about 175,000 cubic feet) rendered the results not entirely 
satisfactory, and in presenting them it was stated that further 
tests were desirable. In Jakob and Erk’s experiments the 
quantity was determined by measuring the pressure drop in 
suitable lengths of smooth calibrated pipes, a method which, 
as we have seen,* is capable of giving very good accuracy when 
the proper experimental conditions are observed. 

An important feature of these experiments is that they 
included tests of the nozzles both with a length of pipe on the 
outlet side, and when placed at the end of the pipe line and 
discharging into atmosphere. Although the tests under each 
of these two conditions were sufficiently numerous to detect 
any difference in the discharge coefficient that might have 
existed, no such effect was found, and it may be accepted that 
the coefficient is the same in both cases. This result is of some 
practical importance, since it provides a ready means of measur- 
ing the quantity of air flowing in a small pipe (see p. 139). 

A small number of tests was also made in which the nozzle 
was placed in a pipe of considerably greater diameter than the 
standard size for the nozzle. The discharge coefficient (as 


7 ; P } 4 , ; 
defined in these tests, viz. a,/— ) was found to be 0-972 
Vy] 
Now if a is the same for this type of nozzle irrespective of the 


size of the pipe in which it is installed, the quantity ay ms 
y2 


Compare Stanton and Pannell’s experiments, p. 39. 
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will decrease as 7 increases, and will be equal to a, 1.e. to 0-948 
when y becomes very large—a condition corresponding to that 
of air discharging to atmosphere from a large chamber thr 
a nozzle placed in the side. In a pipe larger than the standard 
size, therefore, Jakob and Erk should have found the \ 
of their coefficient to be less than o-96. In the conclu 
to their papers, however, these experimenters do not seem to 
have attached much importance to this apparent discrepa 


a , 
they state that the value 0-96 for a Vor may be adopted f 
‘ ,~ I 


these nozzles irrespective of conditions of installation, and regard 
the higher value obtained in the three tests made in larger 
pipes in the nature of an unexplained experimental error. The 
position does not, however, appear to be quite as satisfactory 
as this statement implies. There is no a priori reason why 


nozzles similarly installed, and whilst their conclusion as to 
the general applicability of the value 0-96 is probably sufficiently 
accurate for most purposes where the highest precision is not 
required, this value can only be regarded as definitely estab 
lished for the case in which the throat diameter is equal to o-4 
times the pipe diameter. For this condition the coefficient 
may be accepted without hesitation, provided, as with the 
Venturi tube and the plate orifice, a sufficient length of straight 
pipe—say 10 diameters at least—precedes the entry to th 
nozzle. Further research on the value of the coefficient for 
ratios of throat to pipe diameters differing considerably from 
0-4 would be of value, particularly if the tests were extended to 
include the limiting case of the discharge from large chambers, 
which is a measurement that frequently occurs in practic 
and for which the use of a calibrated nozzle is the most con- 
venient method. 

One further characteristic of these nozzles, which, as we shal! 
see later, is of some practical importance, deserves mention. 
Careful explorations of the issuing jet in a number of instances 
disclosed the fact that the velocity was practically constant 
over the entire section. It was only in the immediate vicinity 
of the walls that a slight falling off was observed. For all 
practical purposes the jet may be considered as having a uni- 
form velocity equal to that measured by a single observation 
at the axis. 

—— 
Mr. C. C. Fuller has been recently7appointed manager of the Foxbo 
Company's New York Office. He replaces the late W. W. Patrick. 
Mr. Fuller is already widely known in the Metropolitan Area and will 
therefore assume his new duties under highly favorable circumstances. 
He will have complete charge and will be ably assisted by K. L. Bartor 
R. A. Rockwell and F. J. Leerburger 
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Measurements 
Industrial & Scientific 


An Instruction Book for Engineers 
DR. WALTER BLOCK 


Eichungsdirektor der Provinz Ostpreussen 
CHAPTER VIII. MEASUREMENT OF VOLUMES 


fia determination of the space which is occupied by a body necessitates 
methods which depend quite essentially on whether the body is solid, 
liquid, or gaseous. This problem moreover, can easily be solved indirectly, 
by considering that the volume v of a body, its mass m, and its density d 
are related mathematically by the simple formula d=v/m. The determina- 
tion of density, a very important physical quantity, will be discussed 
later in a separate chapter. It may suffice to mention here that the latter 
can, in many cases be determined very easily, or be considered as given 
a priori. In such cases, therefore, a simple weighing is sufficient in order 
to determine from this, the volume of a body. Similarly, such weighing, 
in connection with a determination of volume, suffices for the calculation 
of the density of a body. In other words, the problem of the determination 
of a special quantity is very closely connected with the determination of 
density, consequently the methods for measuring these two quantities 
are, to a certain extent, entirely similar and difficult to separate. 


1. Solid Bodies 


The volume of a solid body can in many cases be determined without 
special methods by simple measurements of dimensions if the body has a 
convenient shape. For the formulas of simple bodies, refer to mathematical 
handbooks. 

The problem is, however, much more difficult if the body has an irregular 
shape so that linear measurements cannot be made. In this connection 
another circumstance maybe discussed which is of importance in certain 
cases, that is whether the body fills its space completely or whether it 
can be designated as porous. In this case, one must distinguish between 
the volume of the body so defined that all its surface pores are considered 
closed, and the volume of the body if the space of its pores be subtracted. 
These two volumes are two quantities which are naturally entirely in- 
dependent of each other and altogether different, and which, therefore, 
have to be taken into account when measuring. A brief outline of how 
one is to proceed in such a case may suffice: In the former case if there is 
reason to believe the body be porous, it will often be possible to immerse 
the body in hot paraffin or similar substances, or to cover it with a thin 
lacquer, to seal its surface pores. Methods of hydrostatic weighing, to be 
discussed later, can then be employed directly without fear that water will 
penetrate into the body and falsify the result. In the other case, if the body 
is porous and the volume of the pores is not to be taken into account, there 
exists in many cases the possibility of triturating the body as finely as 
possible; compressing the powder tightly and then measuring its volume. 
In a hydrostatic weighing the result can also be arrived at if the body is 
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first weighed perfectly dry and then in water as soon as one has t! 
ance that the latter has penetrated completely into all cavities and 
hollow spaces remain which could cause buoyancy due to enc! 
A body can be filled with liquid quite easily if it is brought into tl 
in a closed vessel which can be evacuated, that is where the air 
removed by an air pump, by boiling out, etc. 

It is self-understood that the loss of weight which a body suffer 
hydrostatic methods by immersing in the liquid can be due only 
body itself if its pores are completely filled with the same liquid. 
hydrostatic method water is mostly employed. But porosity of the 
if volume of the pores is to be determined, may be the reason for 
instead of water, very fluid and volatile liquids, in order to be able to 1 
them again more conveniently from the body. Such liquids are hb 
ether, etc., and their density, of course, must be determined in eac! 
vidual case and considered in the calculation. In other cases, as whe; 
employing mercury, one has the advantage that it does not penetrate 
all into the pores so that it is not necessary to coat the body, a: 
the total volume can be determined, directly. The use of mercury w 
however, be precluded in many cases because most bodies do not sink 
it sufficiently, and it is therefore unsuitable for hydrostatic weighing 

Several special methods may now be discussed which permit determini 
the volume of a body with sufficient accuracy. First, may be discuss: 
the method involving the use of the pycnometer, the various forms 
which will be treated in detail in the chapter on measurement of densit 
This method can be used only if the body can be broken into small piece: 
as it has to be passed through the neck of the pycnometer which, fo 
obvious reasons, must be kept narrow. The method is as follows: As 
known, the pycnometer is a little bottle with a mark on its neck definins 
its volume. The pycnometer is first filled with water up to the mar 
and weighed, which gives the weight m. Then the substance, the volun 
of which is to be determined, is placed in it; again filled with water up t 
the mark and weighed, which gives weight m’. The body alone may hay 
weight p; the formula for the calculation of its volume is then the follow 
ing: v=m+p—m’. 

The method only gives satisfactory values if the pycnometer is fairl; 
well filled by the body so that its weight, compared to that of the replaced 
water, is of importance. Otherwise no satisfactory results can be expected 
The following gives an idea of the degree of accuracy which can be obtained 

Given a pycnometer with a volume of 50 cc. and a mineral of density 
2 to be determined. The empty weight of the pycnometer is 20.00 
1.000 g. of the body is brought into the bottle, that is a volume of 0.500 


Then m =20.000+ 50.000 = 70.000 g. 
m’ = 20.000 +-49.500+ 1.000 = 70.500 g. 
p =1.000. 


v =70.000+ 1.000 — 70.500 g. =0.500 cc. 
If for each weighing a possible error of 1 mg. is now admitted, the greatest 
error in the volume will be 3 mg. in 500 mg. = 3/500 = 0.006. 
Now, instead of 1 g. we place 80 g. or 40.000 cc. in the pycnometer thet 
m =20.000+50.000 = 70.000 g. 
m’ = 20.000+ 10.000 +80.000 = 110.000. 
p =80.000. 
v =70.000+ 80.000 — 110.000 = 40.000. 
The accuracy is now 3/40000 =0.00007. 
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th Instead of water, another liquid of known density may be employed the 
d that determination of which will, in general be easy if, besides filling the pycno- 
I meter with this liquid a determination is also made by filling with water. 
“4 i The principal method, which in almost all cases produces the desired 
result, and is inapplicable only if the body cannot be brought into contact 
ers in th with liquids, is hydrostatic weighing, which is based on the Archimedes 
i a ok principle: that a body immersed into a liquid loses a weight equal to that 
ges of the liquid which it displaces. The same method serves with good 
‘i t. accuracy for the determination of density of solid bodies and for this 
a nase reason it may be discussed somewhat more in detail while otherwise the 
OER, reader may be referred to the chapter on determinations of density. 
benz In practice, one proceeds in the following manner: the body is weighed 
ach jr by any usual method and then suspended on a fine wire on the pan of the 
1S Wh balance. (Whether it is fastened above the pan on a hook or suspended 
etrate from the pan itself is after all a matter of the construction of the balance, 
ind t} according to where the container for the liquid can be placed.) The body 
Iry w is then arranged to hang from the balance into the liquid, usually water, 
sink jt with the wire on which it is suspended and which, by the way, can also 
ng. be replaced by a little basket into which the body is placed. The liquid is 
Tmining placed below the pan in a larger container or on a small bench above the 
Iscussed pan proper. Then the weight of the body in the water is determined 
orms from vehich, of course, must be deducted by another weighing the weight 
density of the suspension wire in water. This multiple weighing can be eliminated 
| pieces fairly simply by giving the wire a proper shape and taking care from the 
ich, for beginning that the wire is already immersed in water when the weight of 
: As i the body is measured out of the water. In other words, the procedure fot 
lefining weighing in water should be fully prepared except that the body is not 
€ mark yet in water but resting free on the balance. Care is then to be taken 
volum that in both cases the water has the same level, because if the body is placed 
— , in the water, the level will naturally rise and more of the wire will be sub- 
Pail merged, which would slightly falsify the result. The simple calculation 
follows: 

fairly If m is the weight of the body in air, m’ that in a liquid of density d, 
place then m—m’ is the loss of weight which must be equal to the weight of 
ecte the replaced liquid. If v is the volume of the body and therefore of the 
ned at 

ensit liquid then m—m’ =v. d, and v= ~ —, For water d is presumably 
KK) : . 

00 cx equal to unity. 

In practice, the wire renders the weighing a little more difficult if the 
body is comparatively small, because of the meniscus effect where the wire 
pierces the surface of the water. Water is particularly unfavorable in this 
respect, but good results can be obtained if care is taken that the wire be 

ites as thin as possible and fully free of grease. When possible better results 
os can be obtained if the wire is surrounded by a little glass tube filled with 
Cll 


oil, The main thing is not to have the wire heavier than required. Plati- 
num wire is generally used, and if one considers that a platinum wire of 
1 mm.* section can carry 30,000 g. one can figure the size of wire to use. 
The table herewith gives the maximum carrying capacity for different 
diameters. Care must, of course, be taken not to exceed the loads. 
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Carrayinc Capacity or Wires or Dirrerent Diameter with A Carryinc Capacity 
30 xc. For 1 mM.? (PLATINUM) 
mm. dian kg mm. dian g 
1 23.5 0.2 930 
Y 19.1 ).1 235 
8 15.0 8 150 
7 11.5 5 59 
).6 8.5 2 9 
).§5 5.9 ).01 2 
) 4 3,8 ).005 0.5 
€ 2% 


In case the weighing in water is made afterwards a meniscus cort 
has to be made, the weight of the water adhering to wire can, with su 
accuracy, be assumed as 7 e D=approx. 21D in milligrams where D 
diameter of the wire in millimeters. For other details the chapt 
measurements of density may be referred to. 


2. Chemical Measuring Devices 


The problem of the determination of volume of liquids is incompat 
more important in chemistry and shall therefore, be treated in greater 
For routine work the chemist is already acquainted with a great \ 
of measuring apparatus. Volumetric flasks, bottles, burettes and 
measuring apparatus may be alluded to, which permit either the m 
ment of definite amounts of liquid in prescribed quantity, or, gener 
to determine what volume is occupied by certain amounts of liquid 
Most of these devices are supplied commercially fully graduated a1 
industry has been so far developed that these graduations can be relied 
except in very cheap grades. A great number of devices can be calibrat 
at the Physikalish Technische Reichsanstalt with considerable accur 
It is not amiss therefore, to indicate what degree of precision can be 
tained in these tests by the Physikalich Technische Reichsanstalt, bec 
these very figures also give an idea of the accuracy obtainable in the 
of such measuring apparatus. First, the rules of the Reichsanstalt may 
discussed briefly. For one specific test are submitted measuring apparat 
without divisions, giving one single definite quantity. In this categor 
belong flasks, cylinders with one limiting mark, pipettes, also fo 
quantity only, pycnometers, dilatometers, etc. Next are admis! 
apparatus with a greater number of marks; and finally apparatus wit 
divisions, as measuring bottles and cylinders, burettes of all kinds, measuring 
pipettes and measuring tubes. All these apparatus are officially check 
for contents in liters or cubic centimeters, i. e., for the space which 1 kg 
of pure water occupies under known standard conditions. Equivalent t 
this is the cubic decimeter (see Introduction). No distinction betweer 
cubic decimeter and liter, therefore, is made. Considering that the s; 
capacity of all such containers depends greatly on their own tempet 
they must all have the standard temperature indicated on them. For t! 
various values between 0 and 25°C. are in use. Generally, 20°C. is 1 
usual. 


The spatial capacity of such measuring apparatus depends to a cert 
extent on how they are used. If they are originally dry, a certain 
tity of liquid can be filled into them up to their limiting mark, (working 
filling-up). If this quantity of liquid is poured from the container (working 
by pouring) a somewhat smaller quantity of liquid will be obtained 
of course, a little will stick to the walls of the container. This remaining 
quantity is determined not only by the kind and cleanliness of the 
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tainer wall but also by the kind of liquid. Therefore, slightly less accuracy 
may be expected when working with pouring because the remainder will 
vary somewhat. Official regulations tell how one must proceed in order 
to obtain the highest possible accuracy in working by pouring. Measuring 
pparatus with a lip should be tilted gradually when pouring until almost 
horizontal. Waiting half a minute (or a time given on the container) after 
the continuous flow has ceased the lip is wiped off on the container just 
filled. Measuring apparatus with a run-off are operated by letting them 
run out in vertical position, burettes freely, others by holding the running’ 
of end in contact with the wall of the container to be filled. The run-off 
end of pipettes is wiped off on the top of the container to be filled one 
quarter minute after complete emptying, of burettes one-half minute. 
The adjustment and also the reading, are made during the wiping. As is 
known, liquid surfaces are not a straight line in all these containers, but 
slightly curved. The reading is always taken at the lowest point; always 
at the highest point for non-moistening liquids such as mercury, and on 
the edge for opaque liquids only. 
Graduated flasks can have contents up to 10 liters, cylinders up to 5 liters. 
In order to obtain sufhcient accuracy in reading, the neck of flasks and 
cylinders at the place of measuring must not exceed certain diameters. 
For this the figures given in the tables below are prescribed. For pipettes 
, definite running-out time should be kept which is also given in the tables. 
Pycnometers are admitted up to 250 cc. The divisions on graduated 
apparatus must be so that two adjacent lines have a distance of at least 
1mm. The contents of the measures must be given in liters, milliliters, 
or cubic centimeters. Méilliliters and cubic centimeters are, after what 
has been said before, to be considered equivalent. Further, the standard 
temperature must be given on the measuring devices, and also, if this is 
not self-understood, whether the apparatus operates by filling-in or pour- 
ing-out. Such apparatus as can be used both ways must show correspond- 
ing indications. It is, of course, self-understood that a flask for one liter 
which is to be used for both filling and pouring, must have two marks 
of which the one for pouring has to be a little higher, as a little more than 
one liter must be filled in if exactly one liter is to be obtained by pouring. 
An ultimate waiting time must also be indicated. Full-pipettes of more 
than 250 cc. have the same errors as those for flasks of equal size, the full- 
pipettes for filling half the error of the full-pipettes for pouring. If pycnome- 
ters have movable parts, such as stoppers of insertion thermometers, no 
greater uncertainties must occur due to different inserting of these parts 
than necessary by the conditions. 


Calibrating Rules for Chemical Volumetric Apparatus fe r Liquids 
Widths of Necks at the Point of Measuremen 


Size from 25 50 200 500 1000 1500 2000 3000 4000 5000 cx 
To 25 50 200 500 1000 1500 2000 3000 4000 5000 10000 ‘ 
Not more than 6 10 12 15 18 20 25 30 35 40 50 mm 
Width of Measuring Cylinders 
Size from 50 100 300 600 1000 1500 3000 4000 cc 
To 50 100 300 600 1000 1500 3000 4000 5000 ** 
Not more than 22 30 40 50 60 70 80 90 100 mm 
Rig Running-out Time for Full-Pipettes 
Size from 10 50 100 250 500 1000 c 
To 10 50 100 250 500 1000 2000 
Running-out time 15—20 22—30 32—40 45- 60 65—90 90—120 130—180 sex 


Running-out time for burettes and measuring pipettes for different lengths of division 
(for water) 
Length from 20 35 50 70 cm 
To 20 35 50 70 100‘ 
Ruaning-out time 25—35 35—45 45—55 55—70 70—90 sec. 
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LIMITS OF ERROR 
Flasks for filling 


Size from 10 25 50 100 250 400 600 1000 1500 2000 3000 4006 
To inclu 10 95 50 100 250 400 600 1000 1500 2000 3000 4000 500 
Limits of 

error 0.008 0.015 0.02 0.15 0.08 0.11 0.14 0.18 0.25 0.35 0.5 0.8 


Delivery flasks twice the above limits of error 
Cylinders for filling: 


Size from 30 50 100 200 400 600 1000 1500 2000 3001 
To 30 50 100 200 400 600 1000 1500 2000 3000 100) 
Limits of error 0.06 0.10 0.20 0.6 1.0 1.5 2.0 2.5 3.0 4.0 ( 
Delivery cylinders twice the above limits of error 
Full pipettes for 
Size from 2 5 10 20 30 0 106 
To 2 5 10 20 30 50 100 150 
Limits of error 0.006 0.01 0.015 0.02 0.025 0.035 0.05 0.07 


Full pipettes over 250 cc. same limits of error as corresponding filling flasks 
Full pipettes for filling half the above limits of error 
pit 
Pycnometers and similar apparatus 


Size from 10 25 50 75 100 150 
To 10 25 50 75 100 150 200 
Limits of error 0.003 0.005 6.008 0.010 0.012 0.015 0.020 ( 


APPARATUS WITH GRADUATIONS 
Measuring glasses for filling 


Size from 5 10 30 50 100 200 400 600 1000 
To 5 10 30 50 100 200 400 600 1000 1500 
Limits of error 0.02 0.03 0.05 0.08 0.15 0.40 1.0 1.5 2.0 2.5 


Delivery measuring glasses twice the above limits of error 
Burrettes, measuring pipettes, etc. 
9) 


Size from 2 10 30 50 75 100 150 200 
To 2 10 30 50 75 100 150 200 250 
Limits of error 0.008 0.02 0.03 0.04 0.06 0.08 0.10 0.12 0.14 (| 





The error of the volume enclosed by two marks must not be greater than half the 
volume if the partial volume not amount to half of the total volume. If the partial \ 
may be the full amount of the error for the total 








Concerning the question of standard temperature, the following 
be pointed out: The quantities indicated on a measuring device ar 
only for the respective standard temperature. If one works at a different 
temperature, the volumetric capacity of the container changes. The g 
used almost exclusively for these containers (the so-called Thuerir 
glass to which also the usual apparatus glass can be considered equivalent 
has a linear expansion coefhcient of about 8x10~*. The volumetric exp 
coefhcient is three times the linear coefhcient. That means that 
flask increases its volume for a temperature increase of 1°C. by 3x8x1 
that is about 25 mm.’, larger or smaller containers correspondingly. TI! 
following table gives a short tabulation of the changes in volume of ¢g 
measures at different temperature changes and will be fully sufficient 
calculate eventual changes. 


aratus with Temperature Changes 





Contents 10 1 § I. 21 11. 500 cx 200 ce. 100 cc. 50 cc 20 « 
Temp 
Change °C ce ce cmm, cmn cmt cmm cmn cmm 

1 0.20 0.125 0 25 12.5 5 2.0 0 

2 50 0.26 100 50 25.0 10 5.0 1. 
3 75 0.375 150 75 37.5 15 7.6 l 

4 1.00 0.50 200 10¢ 50.0 0) 10.0 2.0 
5 1.25 0.625 250 20 62.5 25 12.5 2 

6 1.50 0.75 300 150 75.0 30 15.0 3.0 

7 1.75 0.875 350 175 87.5 35 17.5 a0 

bay 2.00 1.00 400 200 100.0 40 20.0 4.0 

9 2.25 1,125 450 225 112.5 45 22.5 1.5 

10 2.50 1.25 00 250 125.0 0 5.0 5.0 
20 5.00 2.50 1000 500 250 100 0 10 
30 7.50 3.75 1500 750 375 150 75 37.5 15 
40 10.00 5.00 2000 1000 900 200 100 0.0 20 
50 12.5 6.25 2500 1250 625 250 125 62.6 25 
60 15.0 7.50 3000 1500 750 300 150 75.0 30 
70 17.5 8.75 3500 1750 875 350 175 87.5 35 
80 20.0 10.00 1000 2000 1000 400 200 100.0 40 
90 22.5 11.25 1500 2250 1125 450 995 112.5 45 
100 25 .( 12.50 5000 2500 1250 5OO 250 125.0 a4) 
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3. Determination of Volume of Vessels by Weighing 


In the following, there will now be discussed in more detail how such 
measures can be calibrated by one who is not in position to use officially 
calibrated vessels. Considering the difficulty of this task, the ordinary 
proving stations! are not in position to carry out such examinations. In 
veneral, there are only two calibrating stations,! beside the Physikalisch 
Technische Reichsanstalt, equipped for calibrating these apparatus. 
It may be said at the outset that of course such examinations are carried 
out according to weighing methods and, therefore, a set of weights must 
he used which has to be correct as explained before, that is, which has to 
give the true weights within the required limits of error. The usual 
analytical sets of weights or other equivalent ones, generally do this with 


sufficient accuracy. 


The customary method, followed also by the calibrating stations, which 
has proved to be the most convenient, is the following: Assume we want 
to check a flask with nominal contents of one liter. We place this flask on 
the one side of the balance together with a weight of 1 kg. (1 kg. water = 1 1.) 
and tare this load on the other side of the balance with any other weights. 
After this, the one kg. weight is removed from the scale and the flask _ 
carefully with distilled water of determined temperature. If this flask i 
correct then it is obvious that the filling with water must, appar: wat, 
be lighter than corresponding to the kilogram weight. Toa ‘correct flask 
a certain addendum must, therefore, be put on the scale to obtain equili 
brium. This addendum can be calculated directly from the constants of 
the air, that is, the pressure and temperature of air which have to be taken 
into consideration in any case. If one works at the normal temperature 
of the flask it is possible to determine the addition directly from this. The 
actual addition which is necessary to obtain equilibrium of the scale, minus 
the calculated addition, immediately gives the error of the flask. If the flask 
is smaller than its nominal value, more has to be added; if it is greater, less. 
With greater deviations upwards the addition will even have to be placed 
on the side of the tare. 


If one does not work at the normal temperature, conditions become a 
little more complicated. If, for instance, we work at a higher temperature, 
it has to be taken into account that the flask has expanded and consequently 
contains more water, and correspondingly the addition for higher tempera 
tures should be smaller. But at the same time, with higher temperature 
the density of the water also has changed, which has to be taken into 
account even in case the flask temperature is normal. Due to this change of 
density of the water, less weight can be put in the flask which, in its turn, 
increases the addendum. We will now determine, by an example, how 
conditions are in reality, and how the addendum can be calculated in a 
simple case. If one has to carry out such work more often it would be, of 
course, unnecessary trouble to make this whole calculation in each indi 
vidual case. It is simpler to get the very convenient and very exhaustive 
tables published by the Physikalisch- Technische Reichsanstalt, Depart 
ment 1 for Weights and Measures (the former Normal-Eichungskommission) 
which contain the exact values of the addendum for all cases of the usual 
sizes. From these, the nominal addendum can be taken without difficulty, 
not only for the normal temperature but also for temperatures differing 


‘ln Germany 
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from it so that the value of the nominal addendum is given direct 
the difference from the actual addition then indicates directly the | 
the measure.? In order to get an approximate idea the following { 
may be given: one liter made of glass, correct at 0°, is larger, at the t 
tures of 15°, 17.5°, and 20°C, by the following amounts (see above ta 

375 mm.*, 438 mm.* 500 mm.’, 
whilst one liter of water which, at 0°C., is exactly one liter, is 
after heating to the same temperatures by the following amounts 

742 mm.*, 1157 
Consequently, water which in an accurate glass container at 0° 
the space of one liter, at this temperature is apparently more volu 
at the above three temperatures by the following amounts: 

742 —375 367 mm*, 
1157—438= 719 mm’, 
1641 — 500 = 1141 mm‘. 


mm.*, 1641 mm.?. 


Now, if we want to calculate quite generally what addenda are necessar 
with this weighing method we will start with a special example. Let 
assume that we work with water of 18.5° and at the same air temper 
and an atmospheric pressure of 756 mm. That means that the weight 
1 cc. air is just 1.200 mg. In the same manner we can take from kr 
tables that the density of water at this temperature is 0.998528. W 
have a flask of 1 liter nominal contents. The latter is placed on the 
with a brass weight of 1 kg. of a density of 8.4 (this figure is usuall; 
sumed) and balanced. The weight has a volume of 1000/8.4=119 « 
If we, therefore, remove at the second weighing the kilogram piece ar 
the flask with water the buoyancy of the air does not then act on the 
119 cc. but on 1000 cc. The difference is 881 cc. The filling with w 
is therefore apparently lighter by the amount of 881x1.200=1058 1 
because of the buoyancy of the air. In order to create equal conditions w 
have to add right from the beginning 1058 mg. to equalize the differer 
in the air buoyancy. A correct liter flask at 18.5° has now increased it 
volume over that at 0° by 462 mm *. (see above table), it can therefor 
contain 462 mg. water more than corresponds to its nominal value; 
number of mg. must be removed from the scale. But, further, 1 liter 
water at 18.5° does not weigh 1 kg. but 0.998528 kg. For this reasor 
third addition of 1472 mg. is necessary. Therefore, the following thi 
addenda are required: 

due to buoyancy of air +1058 mg. 
due to expansion of glass — 462 mg. 
due to density of water +1472 mg. 

+2068 mg. 

This is the addendum which would be required for a flask correct 
0°C, to balance it under the conditions given above. If actually an adder 
dum of 3000 mg. is required that means that the crucible contained to 
little water, it is too small by 932 mg. =932 mm*. If an actual addendu 
of only 1000 mg. were required it would be too large by 1068 mm..’, 
if 1000 mg. had to be placed on the side of the weights, it would be t 
large by 3068 mm*. 
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ct October, 1930 J aE aS 
ect -.hle to Determine Volume of Glass Containers from the Weight of Water to fill them for a rated 
ee so volume of 1 liter at 0°¢ 
n Value of addition in milligrams, in relation to the water temperature an 1 glass temperature 
y Y) sie 
) te 0 1 2 3 1 7 8 9 
ta 23 30 37 14 V1 58 f 72 79 St 
93 101 109 117 126 133 14 149 158 167 
176 185 194 203 212 221 231 241 251 261 
271 281 291 302 313 24 3 346 357 368 
IS t 379 391 403 415 427 439 451 163 475 487 
499 912 525 938 51 64 77 590 603 617 
S 631 645 659 673 687 701 71 730 745 760 
775 790 805 820 835 850 S82 S98 914 
930 946 962 978 994 1O1] 1045 1062 1079 
1096 ~=—-:1113 1130 1147 1165 1183 1219 237 1255 
OC 1273 1291 1309 1327 1346 1365 1403 1422 1441 
lu 1460 1479 1498 1518 1538 1558 1598 1618 1638 
1658 1678 1698 1719 1740 1761 1803 1824 1845 
1866 1887 1909 1931 1953 1975 019 2041 063 
2085 2107 2129 152-2175 2198 244 2267 2290 
2313 «=. 2336 = 2359 383 407 2431 2479 = 2503-2527 
2551 2575 2599 623 2648 2673 2723 2748 277 
II. Correction in milligrams to add due to air pressure and air temperature 
680 690 700 710 720 730 740 750 760 770 780 
IeCess 
Let 981 995 1009 1023 1037 1051 1065 1080 1095 1110 1125 
Deratu 977. 991 1005 1019 1033 1047 1061 1076 1091 1106 1121 
tur 974 988 1001 1015 1029 1043 1057 1072 1087 1102 1117 
eight 970 984 998 1012 1025 1039 1053 1069 1083 1098 1113 
kt 967 981 994 1008 1022 1036 1050 1065 1079 1094 1109 
OW 963 977 990 1004 1018 1032 1046 1061 1075 1090 1105 
8 W 959 973 987 1001 1014 1028 1042 1057 1071 1086 1101 
956 970 983 997 1010 1024 1038 1054 1067 1082 1097 
he ie 952 966 979 993 1007 1021 1035 1050 1064 1078 109 
l | 949 962 976 990 1003 1017 1031 1046 1060 1074 1089 
ally 945 959 972 O86 9909 1013 1027 1042 1056 1070 LOSS 
19 Cc 941 955 968 982 995 1009 1023 1039 1052 1066 1081 
x 938 951 965 979 992 1006 1020 1035 1048 1062 1077 
ind f 934 948 961 975 988 1002 1016 1031 1044 1058 107 
nN tt 931 944 957 971 983 998 1012 1027 1040 1054 1069 
the 927 940 954 O67 980 994 1008 1023 1036 1050 1065 
| Wat 924 937 950 963 977 991 1005 1019 1033 1047 1061 
58 
ONS we 
Ferenc In the foregoing tables, the calculations are generally on the same basis 
sed it as in the foregoing special case. The tables indicate, therefore, by the 
>refor summation of their partial values, the nominal addendum which is required 
thi for a glass flask the nominal value of which is just 1 liter. If the actual 
iter addendum has to be greater it means that it contained less water that is, 
1sON it was actually too small, and vice versa. 
thre : oe ; 
The table holds good for a normal temperature of 0°C., and if the flask 
is determined for another normal temperature its error can be converted 
to another temperature by means of the table in Section 2. 
The figures are only good for the size of 1 liter. For other sizes, the 
corresponding fractions or multiples of the correction have to be calculated, 
The following examples will very likely sufficiently illustrate the use of the 
: table. They also deal with the case of a glass container of quite irregular 
“hag shape to be measured, the volume of which has first been quite roughly 
os determined in another way. 
1 tO 
dum Examples: 1. Flasks, 1 liter nominal contents. Water temperature 13.3°C., air tempera- 
ne ture 16.0°C., barometer 762 mm., normal temperature of the flask 15°C. 
t Correction I + 303 mg. Addendum found+1720 mg 
Correction II+ 1074 Flask at 0° therefore too small by 343 mg. 
— Expansion of the flask (0-15°) (from table) 375 mg. 
1377 mg. Fiask too large at normal temperature by 21 mg 
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2. Pipettes: Nominal value 220 cc. water temperature 19.8°, air temper 
barometer 750 mm., normal temperature 20°, 


Correction I +1237 Addendum found +510. 

Correction II+1031 Pipette therefore too small at 0° by 56 mg 
— Expansion of pipette (0-20°) (see table) 100 cc 
2268 for 1 I. Pipette at 20° too large by 44 mg. 


for 220 cc. = 454 
3. Flasks: Contents determined by rough measurement to be about 800 


temperature 18.1°, air temperature 17°, barometer 765 mm. 
Correction I + 946 Addendum found —5834 mg. 
Correction II +-1074 Crucible too large by 7450 mg. 


True value at 0°, therefore, 807.45 
2020 for one liter 
for 800 cc. = 1616 mg. 

The tables given above will perhaps be useful in many cases 
erally sufficient for the weighing of glass apparatus. It is, of course, 
in exactly similar manner to compile corresponding tables for cont 
of other materials. It would, however, lead too far to discuss 
greater detail. It may be said briefly how conditions change if 
materials are employed. We will make up such a table for iron w 
linear expansion coefhcient of 11x10~°, brass of 19x10~°, and quart 
of 0.5x107°. 


Auxiliary Table III for Apparatus of Iron, Brass and Quartz Glass with Rat ( 
Temp.°C. Iron Brass Quartz Temp. Ir Brass 
glass 

10 7 97 258 18 736 354 
10.5 28 280 303 18.5 863 420 
11 ) 59 353 19 944 18S 
11.5 10 239 403 19.5 1027 960 
12 + 8O 208 458 20 1113 633 

12.5 121 180 16 20.5 1201 710 s 
13 177 14 77 21 1292 788 
13.5 225 108 641 21.5 1386 871 
14 267 69 708 22 1482 954 
14.5 321 2¢ 778 22.5 1581 1042 
15 379 19 852 23 1682 1130 
15.5 439 68 928 23.5 1786 223 
16 903 119 1007 24 1893 1317 

16.5 569 174 1090 24.5 2001 1414 77 
17 639 231 1175 29 2113 1513 
17.5 711 292 1263 25.5 2226 1615 
26 2343 +1719 

Example: The capacity of a container of brass of a nominal volume of 1 liter is t 


determined in the same manner as described. The measure is balanced with a plane 
plate one side of which is frosted, and a weight of 1 kg., then, after removing the wei 
it is filled with distilled water so high that the glass plate (frosted side downward), 
the filled measure so that no air bubble remains. 


Water temperature 12.5°, air temperature 17°, barometer 765 mm 
Correction I (from table I )— 180 Observed addition 250 mg. 
Correction II (from table II) +1074 The measure is too large by 654 c« 


894 mg. 

Finally, we may discuss briefly how one proceeds in such cases with slightly less a 
as one wants to evaluate glass vessels without taking into account the exact values 
corrections but operating only with average values. In that case, the following table 
used to advantage, which works with an average air density and takes only into 
those corrections which occur if the water changes its volume with temperature 


Taste ror Weicuinc Grass Vessets with Low Accuracy 


(One must distinguish between “true” weight, weight in vacuum, and “‘apparent”’ 
weight in air of density 0.0012. A “true” brass gram, density 8.4, therefore volume 1/8.4 


0.119 cc., has therefore an apparent weight of 1 g.—0.119 x 1.2 mg. =l1g.—0.143 n 
water, the apparent weight of 1 g. is, similarly: 1g.—1.000 x 1.2 mg.=1 g.—1.2 





7 =~ 0c 


001057 1.001057 
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) iV35 

Therefore, one “apparent” brass gram (that is the actual g.-weight of a set weights) 1 
att 1g. —0.143 mg., one “apparent”’ g. water 1 g 1.200 —0.143) mg. =1 g.+1.057 mg 
Te ‘_, 


g mg.=lg ) 
7 g. “true” g. of water. For instance, water of 18° has the density 0.9986 
1 g. water weighed with brass in air of a density 0.0012, occupies a sp 





02435 cc. Accordingly, the following table hol 


y 998622 1—0.001370 





WEIGHT 
1 2 3 4 ) ( 7 N ) 
10 1.0013 2.0027 3.0040 4.0053 5.0066 6.0080 7. 0093 8 0106 9 O12 
14 28 13 57 71 85 9 114 128 
9 15 31 16 61 416 ) OF 122 138 
16 33 0 66 §2 9 1¢ 132 148 
{ 18 36 4 72 90 107 125 143 L¢ 
19 39 8 77 96 L1t 135 154 174 
é 21 42 63 84 104 125 146 167 188 
7 23 5 68 90 113 36 158 181 20 
8 24 49 73 98 122 146 171 195 220 
9 26 3 79 105 13 158 184 210 37 
2) 28 7 85 113 142 170 198 226 255 
1 30 61 91 122 152 8 213 4 274 
9 33 65 98 130 163 19¢ 228 261 29 
3 35 70 105 140 174 209 244 79 314 
4 37 75 112 150 187 1 62 99 7 
5 40 SO 120 160 200 240 >) 1) 6 
26 43 85 128 170 213 25 298 i] S 
For other weights, the above figures are to be taken as corres les 
Example: The capacity of a glass flask has been determined y rrect 
by weighing with water of 20° to be 784.9 g. what is its me at 
700 g. 701.98 
80 80.226 
+ 4.0113 
0.9 0.90255 
787 .12 cc 
For conversion to another temperature compare ta ect 2 of this 


However, the problem discussed above, of determining the volume of 
I 


containers with greater accuracy, has not been treated quite completely 
We have assumed in the foregoing example that we know the nominal 
capacity of the vessel with fair approximation, and that we therefore cat 


determine directly how we balance this nominal capacity by the first 


idditional weight. This solution fails therefore where a volume must be 
determined which is wholly unknown. In this case we can in fact proceed 
in exactly the same manner but of course, the approximate volume has to 
be determined before by weighing. This value is used as a starting point 
and one works further with it without consideration that it has made 
larger error, in which case the addendum eventually becomes very large 
so that its buoyancy can no longer be entirely negiected. One has to be 
satisfied in this case with a somewhat lesser accuracy or the comparatively 
simple method must be repeated with a corrected value of the principal 
weight. The amount of the addendum can in all cases be taken without 
dificulty from the foregoing tables. 

The foregoing problem of determination of the volume of container 
by weighing with water is, however, not yet quite complete, particularly 
if it is a question of determining smaller volumes with sufficient accuracy 
This holds good in the case of pycnometers or similar containers, especially 
also for pipettes and finer burettes. It must also be observed that the filling 


with water is somewhat difficult if the water has to come up to definite 
marks because, as water moistens the glass wall very badly, it is difficulr, 
even with the greatest cleanliness, to fill with certainty to the prope 
mark. Besides, if smaller vessels with narrow tubes in which water must 
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be adjusted are to be evaluated, very sensitive scales are required, as in ¢} 
case noticeable deviations from the accurate balance of the scale 
not cause a noticeable change of weight in them. In such cases it i 
fore more advantageous not to use water but to weigh preferably wi 
mercury. This offers certain advantages, among them the followin 
The temperature determination which is not always convenient 
using water, is comparatively simple with mercury because it 
appreciably higher heat conductivity than water. The glass wall 
container has a very low heat conductivity and the equalization of te: 
ture with the surroundings takes place very slowly; also, of course, 
case of a container placed in a bath. In this case, mercury is mot 
vantageous because it assumes a uniform temperature more rapid]; 
water. For such case, of course, the same tables can be computed as 
but generally this will not be done as this work seldom occurs 
limited generally to the measurement of very small quantities. But i1 
to have the necessary experimental basis the fundamental density values 
mercury may be tabulated in the following as far as they will generally 
required, and it may suffice to give one example of how one proceed 
Given a pycnometer of about 5 cc. cubic contents which has been 
mined, by the usual weighing methods, when filled with mercury to 67.513 
The mercury has a temperature of 17.3°, and this may also have been t 
temperature of air while the barometric pressure was 753 mm., the w! 
calculation is then the following: 


Specific Gravity of Mercury 


Temp 0 l 2 3 { 5 
10 13.5698 13.5683 13.5658 13.5637 13.5609 13.5584 13.5560 13.5535 13.551 
0) 461 $37 412 388 363 339 314 290 269 

0 216 191 167 142 118 094 069 045 2 


WEIGHING OF A PyCNOMETER WITH MERCURY 


Filled weight 67.513 g., temperature of filling 17.3°, density of mercury therefore 
Air pressure 753 mm. at 17.3°. Air density therefore 0.001200.4 
‘See chapter on weighing 
Volume of weights 67.5/8.4 = 8.04 cc., volume of filling 67.5/13.55 = 4.97 cc. 
Difference of volumes 3.07 cc. 
Reduction of weighing to vacuum 3.07 x 1.200 mg. =3.7 mg. True weight of the filli 
mercury therefore 67.513 g.4+-3.7 mg. =67.517 g. 
(N. B. The correction is positive as the volume of the weights is greater, whet 
buoyancy.) 
Volume of filling therefore 67.517/13.5528 = 4.9824 cc. at 17.3°C. 
Volume of 15°C. 4.9824 cc. —2.3+0.000025 ~ 4.98 cc. 
4.9824 cc. —0.0003. 
4.9821 cc. 


RADIOGRAPHY AND CLINICAL PHOTOGRAPHY 
This is a new publication published by the Eastman Kodak C 
Rochester in the interest of better Radiography and Clinical Photog: 
It contains a number of interesting articles pertaining to this field. 
Howard H. Bristol has been elected president of the Bristol Compan) 
Waterbury, Conn. He succeeds his uncle, the late William H. Brist 
who was founder of the company. 


nh 
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NEW INSTR UMENTS 


Recently Developed by Instrument Manufacturers 





Write Information Section, Instruments Publishing Co., Pittsburgh, Pa., for 
additional Information. 




















New Model Densometer 
(W. & L. E. Gurley) 


HE Densometer test consists of forcing air at a low pressure through a 
standardized area of the paper sample. This is accomplished by clamp 
ing the paper between two ie siosan having an opening of one square 
inch. Pressure is furnished by an inverted cylindrical cup which rides 
freely in an outside cylinder partly filled with oil. The air escapes through 

central outlet tube to the orifice, and thence through the sample. The 
rate at which air passes through the sample is a measure of its porosity, 
expressed in seconds per 100 cc. Each 50 cc. is marked by rings on the 
outside of the inner eiader and the rate at which air escapes is obtained 
by timing the rings as they pass the upper edge of the outer cylinder, 
using a stop watch or other timing device. 

The improved Densometer will give comparable results with the original 
model, but its design has been modified to test a wider range of materials, 
ind to give a more uniform test, regardless of the skill of the operator. The 
clamping device is no longer a part of the inner cylinder, but is supported 
by the base of the instrument. Its weight is accordingly not limited, mak- 
ing possible the use of a better method of holding the sample. This has 





























age 646 INSTRUMENTS O 


; 
esulted in a general improvement in the ease, speed, and accuracy 


the Densometer test. 


The Densometer reading is the time required for 100 cc. of 
through the paper sample. It can be taken between any two | 
ense Sa nples being measured by re: iding between 50 cc. lines 
plying by two. Porous samples may be measured by reading 
equired to pass a greater quantity of air, as 200 cc. or 300 cc., and 

by 2 or 3 
The Dens ete Ss e entirely o metal, W th nicke nd 
The inner cylinder is usted t weight tolerance, and carefull; 
Height (extended) 20 11 
Base Sin. x 811 
Weight 13 lbs 
17 lbs 


Shipping Weight 
In the illustration 1s shown the Densometer with an automat! 


er ; 4 
thich is described below. 


1 


] 3 IIx, wit na > 
A device fot utomatically timing and recor ding the Dens« 
brings the advantages of automatic timing for the testing OF all 


iterials. It is, however, most useful for dense samples, on wl 
Densometer test reading is several minutes or more, and also for 
the human error in timing the testing of very porous materials. 
The attachment requires the attention of an operator only to st 
test. and to turn on the current. The test is sieasatiesite recor 
ir has passed through the 


stopped after the desired amount of 
in obvious gain over the stop-watch method. 

The automatic timing attachment consists essentially of a phot 
cell which is exposed to light during the progress of the test. WI 
photo-elec ric cell is exposed, a relay is closed, and the current 
in electric Telechron clock. When the light is shut off, the cit 
broken and the clock stops 

The attachment consists of two units, the photoelectric unit, 
timing unit, the former is supported above the Densometer. It 
the photoelectric cell and a 6-volt aut mobile headlight bulb, tl 
being separated by a sheet of metal having a narrow slot cut in it. 

The timing unit, which is wired to the photoelectric unit, and als 
the source of power, is contained in a separate case. It contains ar 
fying tube which is actuated by the ph ‘toelectric cell, and, 
operates a relay. The relay starts and stops an electric Telechror 
The low voltage for the lamps is furnished by a small transformer in the 

Whenever the light is permitted to shine from the headligl 
through the slit, and upon the photoelectric cell, the relay is close 
the electric clock operates. The exposure of the photo-electri 

nass 


governed by a vane attached to the inner cylinder. The vane pi 

slot between the source of light and the photoelectric cell, and 
\perture cut in it to control the length of exposure. The length 

\perture corresponds exactly to the distance between rings on the cy 
that it is easily possible to run tests for 50 cc., 100 cc., or any qu 
of air, up to 400 cc. Three vanes timing the Pianaenndin test for 1 
or 300 cc., are included with each automatic timing attachment 

400 cc. are optional. 








for testing 50 cc. « 
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New Type Instrument Current 
Transformer 


A new type of instrument current transformer embodying compensating 
eatures which practically eliminate ratio and phase angle errors and beat 
ing the designation WF-1 has beet 
announced by the General Electri 


C 
mMmpanv 
AOM Pan y 





—— 


TY ' Lo 
The new transformer, built in 
ratings from 5 to 800 amperes and 
: = ' 
designed for 5000-volt operation is 


for use in connecting watthour 


| meters, instruments and 





el Lys, the 








combined burden of which does not 

-xceed 50 volt-amperes. t has practically straight-line accuracy down to 

5% load. The new transformer supersedes the WC-12 with which it is 
( ; 


interchangeable as to dimensions. It is arranged for either flat-surface ot 


pipe mounting, with a base which affords great accessibility. Two-bolt 
| | 1} 
le terminals are employed on this new transformer 


Two-Stage Oxygen Regulator 
(Oxweld Acetylene Company) 
CONSTANT line pressure free from any fluctuation is most desirable 


LIIt 

for good results in oxwelding. The Oxweld Type R-43 Oxygen 

Welding Regulator guarantees a freedom from fluctuation by means of a 
system of two-stage pressure reduction. This two-stage reduction 

ccomplished through two separate and independent sets of diaphragms, 


1 . 1 1 
valves and springs. The full cylin 





der pressure of 2,000 lbs. enter 
lator through a stem-type 
1 is controlled by the first 
stage diaphragm. In this stage the 





pressure 1s re luced to less than 
250 lbs in. *. This pressure 
will be constant for any one regu 
lat ut varies somewhat with 

















‘ pie 
ent regulators. The pressure 
‘ ' 11 
here 1s no! jjustabile. 
Ty , 
The oxygen then passes from 
this hrst reduction assembly to 
: ] + + ] id 
seco St type Vdaive and dl 
phragt sembly where the pr 
sure is reduced to the working 
A J ‘> r 1p mp ’ 4 1 ry > r a | > ] > = r he no ’ 
pressure desired by the oper itor. This pressure is regulated by the operator! 


by means of the adjusting screw, and any operating 
tained without fluctuation. 

The external appearance is shown in the illustration. Instead of the 
usual handle-type pressure adjusting screw found on 
regulators, there has been substituted a screw with a ribbed cap. This 


ogee a ‘ ' 
idical change in external design not only presents a neater and more 
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compact appearance but will also avoid the possibility of breakage 
ire no projections on the handle to be bent accidentally. This 1 
adjusting screw is of smaller diameter than the body of the regulat 
so that it is easier to pack for transportation from one job to anoth: 


Flush-Mounted Recording Ther- 
mometers and Pressure Gages 


OR those installations in which it is desirable to mount the instru 

on a panel board, the Taylor Instrument Companies now offer T; 
Flush-Mounted Recording Thermometers and Recording Pressure Gages 

These instruments are available 
with one, two or three pens for 
recording one or more temperatures 
or pressures, being most valuable 
when three records are desired on 
one chart for easy comparison. The 
cases are of rigid aluminum casting, 
finished dull instrument-black. 

Installation of these instruments 
is very easy as the case is rectangu 
lar in shape, measuring over-all 
16%" by 1414”. Connections are 
made from the back and are out of 
the way but the tube system can be 
removed from the front. 

The door of the instrument is 
mounted on spring hinges, insuring 
moisture and dust tight joints and 
the suspended pen arms are of stain 
less steel. The handy Tycos Chart-Ejection makes it easy to remove charts 
and a specially designed clock with three-point mounting insures furtl 
the faithful performance of this instrument.” 


A New Resistance Unit 











(Hardwick, Hindle, Inc.) 
HIS new resistance unit combines the ruggedness and high wattage 
gg g 
the vitreous enameled resistor with the convenience of being cor 
tinually adjustable. 


Along the surface of 
fractory tube is space 
resistance wire having 
temperature coefficient of 
tivity, with suitable terminals 
both ends. This assembly is th: 
enameled with a vitreous « 
by a special process, whi 
leaves a small arc of the upp 
surface of the turns expose 
along a straight, narrow track. A suitable adjustment band and s! 
employed to furnish contact with the coil at any desired point. 








{ 
ve Charts 


-S Turthe 
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A New Potentiometer Pyrometer 


VERY novel instrument for measuring and recording temperature 
has recently been developed by the Uehling Instrument Company, 
This instrument, which is known as the “SelfContact” potentiometer 
nyrometer Was primarily designed for measuring high temperatures as 
experienced in the iron, steel and ceramic industries. It lends itself equally 
well, however, to the measuring and recording of any temperatures where 

, high degree of accuracy is desired. Either a thermocouple or an electric 
resistance bulb may be used as the temperature element. 

The “SelfContact” po- 
tentiometer pyrometer en 
tirely eliminates the use of 
depressor bars, cam me- 
chanism, and continuously 
operating motors. This 
is made possible by a pat- 
ented method which assures 
definite and reliable con- 
tact between the needle 
of a galvanometer and sta- 
tionary contact pieces, 
without in any way em- 
ploying auxiliary mechani- 
cal devices which in one 
way or another conflict 
with the indicating needle. 

Although the “Self- 
Contact” recorder retains 
all the advantages of the 
potentiometer, the novel 
contact method permits 
placing the galvanometer 

Fig. 1 apart, and at almost any 

distance from the recorder. 

This makes possible a very simple and rugged recorder construction that 

will withstand rough plant conditions and abuses, in a way that is impos 
ible when the galvanometer forms part of the recording mechanism. 





Fig. 1 illustrates the recorder which is actuated by a galvanometer that 
may be placed in any desired location, quite apart from the recorder. A 
single galvanometer will actuate as many as four recorders, each recorder 
in a different location, each measuring a different temperature, and if de 
sired, each having an entirely different calibration. 


The entire recording mechanism is fastened to a frame which is hinged 
to the case. Everything may therefore be opened up to permit accessibility 
to all parts of the apparatus. A small motor operates only as and when 
necessary to adjust the pen to the proper temperature reading on a clock 
driven chart. It is also in geared connection with two pulleys over which 
a translucent endless belt, about 2 ft. long, is placed. The belt is calibrated 
in temperature units and will move in direct proportion to the pen mecha- 
nism but at a greater speed. This permits a very open and legible scale 
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which moves in back of a pointer fastened to the door. The legibilit 
the figures, the exceptional length of the scale, and the fact that it is ill 
nated from the rear, make it very easily read under all conditions at 
tance of 75 ft. or more. This is a very important feature which, due t 
fact that the galvanometer does not form part of the recording mechani 
permits placing the recorder where it will most assist the operating 
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Vacuum Tube for the Measurement 
of Small Currents 


HUNDRETH of a millionth of a billionth of an ampere can be measured by means of 

a new type of vacuum tube developed by the General Electric Company. The 

electron flow is such that a current expressed as 10-'? ampere, compares with the 

electron flow through ‘the usual 50-watt incandescent lamp as do two drops of water with 

the enormous volume of water spilled over Niagara Falls in a year. Something like three 

juintillion electrons- second flow through the ordinary 50-watt incandescent lamp; the new 
vacuum tube is able to mea ure accurately a flow of about 63 electrons/second. 





The new four-element tube is so sensitive to infinitesimal flow of current that astronomers 
-an use it with photoelectric tubes in determining the amount of heat radiated by stars 
-ountless miles away—bodies so far away in space that, in spite of their enormous size, they 
remain simply as points of light, however powerful the telescope through which they are 
viewed. The current is measured in fractions of quadrillionths o£ an ampere—the stellar 
distances in multiples of quadrillions of miles 

In the measurement of small currents the new tube 
will, to a great extent, replace electrometers which are 
now used. The tube has the advantages of greater 
sensitivity and much greater ease of mounting. 

One of the major applications will be in the laboratory 
measurement of currents in ionization chambers which 
are used to indicate the intensities of X-ray and ultra- 
violet light beams. It is usually desirable to have this 
ionization chamber movable. The ordinary electro- 
meter, however, must be rigidly fixed in position. To 
connect the ionization chamber and the electrometer 
presents something of a problem since the insulation 
resistance of the connecting wire must be extremely 
high and the capacity very low. The low grid current 
tube may be mounted directly on the ionization chamber 
and flexible leads run from it to the indicating galvan- 
ometer, greatly simplifying the measurement work. 

Another important application of the tube will be 
in the photoelectric measurement of stellar intensities 
At the Washburn Observatory in Madison, Wisc 
work is now being done on apparatus for the giant 
reflecting telescope for California, the 200-inch fused 
quartz mirror for which is now being constructed at the 
Thomson Research Laboratory of the General Electric 
Company at Lynn, Mass. Professor Joel Stebbins, 
director of the Washburn Observatory, is using two 
of the low grid current tubes in connection with a 
quartz photoelectric tube to indicate the position, 
intensity and e~>-trim of even very faint stars. It is 
possible, according to Professor Stebbins, to make 
nearly all astronomical observations photoelectrically 
rather than visually or photoelectrically as has been 
done in the past, with decided advantages in rapidity 
and sensitivity. The low grid current tube improves 
the photoelectric method considerably since the tube 
replaces a special type of electrometer designed to be 
mounted on the end of the telescope and moved about 
with it. This special requirement results in an electrometer of low sensitivity. | Jsing the 
Ww grid current tube the galvanometer may be mounted permanently ona bench and the 

ibe placed with a photoelectric tube at the end of the in 

















CONSTRUCTION OF THE TUBE 


The tube is one in which the grid current is reduced to a very low value. The grid of a 
tube is usually thought of as taking no current, but in the ordinary types of tubzs there is a 
flow of up to a millionth of an ampere to the grid. To determine what means could 


id Dp 1 
opted to decrease this current flow, an analysis of the sources was made by the engineers of 
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the vacuum tube engineering department of the General Electric Company 
seven factors contributing to this grid current flow: 
1) Electrons from the filament 


(2) Positive ions f llision between the electrons constituting the plate current ar 





(3) Electrons emitted by the grid because of its temperature 
(4) Leakage 
5) Positive 
1 from the filament (Photoele 
> of the soft x-rays given off by the r 











eee 
of its bombardment by current 

Each of these seven factors was investigated in turn, and the means for reduci: 

found and applied. The first source, electrons from the filament, was eliminated | 


the grid with a negative bias exceeding three volts. 

Partial success in eliminating the current resulting from positive ions formed ft 
in the tube was attained by very thoroughly exhausting the tube. Further re 
attained by operating the tube with all voltages below the ionization potentials 
present. 

By the use of low-powered filaments, the thermal electron emission from tl 
eliminated. 

Leakage, a source of considerable currents, was reduced greatly by mountir 
quartz beads, shielded by a skirt of glass to prevent surface contamination. 

The positive ions reaching the control grid from the heated filament were elir 
placing a fourth element, a space-charge grid operated at positive potential, betw 
filament and the control grid. 

The photoelectric emission of electrons was reduced by using a thoriated tungst 
operated at low temperature. 

An X-ray tube has an anode bombarded by electrons at high voltage; a vacuum tub. 
the essential features of an X-ray tube except that the voltage is low and hence the X11 
are very soft. It was found that the currents resulting from the soft X-rays varie 
with anode voltage and surface contamination of the grid, and that they became 
when the anode potential was less than six volts. 

Having analyzed these 7 sources of grid current and found means for reducing 
the low grid current tube was produced with the following characteristics: 


6.0 volts 
roltage —4.0 volts 
4.0 volts 
2.5 volts 


110 milliampere 
40 microamperes 
ice 25 microampere 
40,000 ohms 

n factor 1.0 








Amr 1 it 

The currents produced may be amplified and made to activate relays or control equi 
which is impossible with the conventional electroscope or electrometer. Not only is thet 
sensitive to such a minute current as 10-!7 ampere, but it has a current amplification fact 
a billionfold, or a hundred millionfold when taking the circuit into consideratior 
usual radio receiving tube has a thousandfold amplification as a tube, or a hundredf 
the circuit. 

The current handled by the tube is so small that in flowing through a resistance of 
megohms (1,000,000,000,000 ohms), practically a perfect insulator in common tl 
produces a drop of only one millivolt (.001 volt). 





Lustre Meter according to Kieser 


Made by 
FRANZ SCHMIDT & HAENSCH 


Write for Literature to 
Sole Distributors 


AKATOS, INC. 


Engineering Building 114-118 Liberty Street New York City 
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Krupp High Precision Mikrotast 
Pillar Stand 


(Coats Machine Tool Co. Inc.) 


OR checking close limits of .0001”” and .00005”, combined with easy 
reading and high accuracy, the Mikrotast Gauge will be found very 
suitable. The fan-shape indicator (as illustrated) is graduated either in 


50 x .0001” or 40 x .00005” graduations, the scale range being therefore 


005” and .002” respectively. 


than ;”’ wide, insuring 
good visibility. Red 
limit markers, adjustable 
from without the case, 
are located above the 
scale and can be in 
stantly moved to any 
desired position and 
locked in place. 
Accuracy is of major 
importance in an indi 
cator reading as close as 
00005” and with this 
in mind, the amplifica- 
tion unit in the mikrotast 
head has been built up 
mn the knife-edge prin- 
ciple. All knife-edges 
and their sockets are 
made of special non- 
wearing metal. It is 
therefore claimed that 
wear has been practi- 
cally eliminated; also 
the lever arm length of 
008” insures perfect 
marginal accuracy, in 
spite of the fact that the 
scale is 234” long. The 
contact spindle is made 
of special hard steel and 
is faced with Krupp 
“Widia” metal, the 
Wearing property of 
which is equal to a dia- 
mond. A thumb-nut 


Each division on the scale is slightly less 





just above the contact point is provided to raise same for testing thin 
materials or delicate parts which must not be scratched. To prevent a 
sudden overload of the knife-edge system, a flange is provided on the lower 


transmission rod. 
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Coarse adjustment for height is made through the arm holdir 
shaped Mikrotast Indicator which is clamped to and can be swu 
the 2” pillar. Fine adjustment is made by a micrometer scre\ 
raises the table with the work on it. The table is then locked ir 
by means of the knurled screw located in front of the base. The 
distance between the contact point and the table is 7’’, capacity f 
is 5’. The 234” diameter ground and lapped table is interchange 
various sized tables or Krupp Mikrotast Saddle Gauges for cylindri 

This Mikrotast Pillar Stand has also been adapted for testing 
wire, as, for instance, tungsten and magnet wire. In this case, 
anvil electrically insulated takes the place of the table, a small wo 
containing a 3—4.5 volt dry cell is located on top of the pilla: 
adjustable stop ring is slipped round the pillar under the arm hi 
Mikrotast Indicator. 

The insulated anvil is hooked | 
up with the dry cell by a wire | 
and the contact point of the 
indicator is also connected with 
the cell. In order to complete 
the circuit therefore, the con 
tact point must touch the anvil. 
By raising the contact point or 
gaging end from the anvil, a gap 
can be set within the range of the 
indicator used. The wire to be 
gaged is drawn as tight as 
possible across the surface of the 
insulated anvil and pushed 
through the gap. If the wire 
is too heavy, the gap will be 
closed, i. e., the circuit completed 
and a red bulb, directly above 
the Mikrotast scale, will light up. 
This is'a good way of checking 
up on fine wire dies and, by this 
method, contact pressure is en- 
tirely eliminated so that fine 
wires up to .002” diameter will 
not be deformed. The accuracy 
of the electrical contact between 
gaging contact point and anvil 
is approximately .000004” (four 
millionths of an inch) i. e., there 
is a hardly perceptible motion of 














the indicating hand when the 
bulb lights up. 


The Roller Smith Co. announces the appointment of J. K. W 
Allen Building, Dallas, Texas, as its District Sales Agent for 
of Texas. 
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Now that err yd, 
is essential to 
Chemistry » » 


ADVANCES made in the field of 
Chemical Microscopy clearly show the 
usefulness of this branch of science. The 
chemical laboratory, requires a micro- 
scope especially adapted to the require- 
ments of present day chemistry. 

The B & L Chemical Microscope is a 
laboratory instrument especially designed 
for work with polarized light; it may also 
be used for general microscopical pur- 
poses. The improved stand and large 
revolving stage allow plenty of room for 
manipulation of specimens. Polarizing 
and other optical equipment has been 
much improved over previous micro- 
scopes of this type. The rack and pinion 
substage provides for easy use of acces- 
sories. 


Bausch & Lomb Optical Co. 


615 St. Paul Street Rochester, New York 
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Precision Testing Machines 
“STANDARD THE WORLD OVER” 
a] ’ . ryyY ’ ’ 
For Testing ALL MATERIALS 
DETACHa: Abrasion Hardness 
. ACHAI Absorption Humidity 
Bending strength Impact strength 
Bursting strength Moisture content 
Density Permanent set 
Detrition Porosity 
Elasticity Shoc 
Elongation Speed 
Expansion Tensile strength 
Fatigue Thickness 
R Folding endurance Torsion resistance 
< Freeness Weight 
Write for Descriptive Literature 
1g’ a) 
H. Z. SCHNIEWIND 
. e 4 
Rasitered 72 Duane Street New York, N. Y. 
rade Mark 
a Sole Agent U.S. A. and Canada 
D RELIA 
Pp 
‘AGES 
NEW 
SPENCER isc 
RS Microscope 
| No. 38 
i .: : 
27] A pronounced Example of a Micro- 
scope built for a definite purpose under 
the careful direction of two men emi- 
ONAI nently fitted to wisely guide in its con- 
struction:- Dr. E. M. Chamot and Dr. 
ts C. W. Mason of the Laboratory of 
Chemical Microscopy, Department 
( Chemistry Cornell University. 
lis presents a number of important 
improvements in Construction and 
Manipulating Convenience’ 
Catalog M-39 features it. 
CONTR Manufacturers 
7 Microscopes, Micromes, Delineoscopes, Re- 
fractometers, Colorimeters, Spectrometer Etc. Etc. 
TRE REG SPENCER BUFFALO, N. Y. SPENCER 
fe New York, Boston, Chicago, San Francisco, Washington Lae 
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CURRENT LITERATURE REVIEW 


Abstracts on instruments and devices for measurement, inspection and 
The Technology Department, Carnegie Library, Pittsburgh, Pa., will furnish ph 
material abstracted here. Negative prints are 35 cents per page, plus 10 cents for ma 


class). All orders should be paid in advance. The library is not responsible for loss in m,;) 
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MAGNETISM 
The Application of the Thermo- Magnetic Analysis on the —— of some Iron Ore 
Oxydes (Anwendung der thermo-magnetischen Analyse auf das Stadium « n | 
lien en Oxyde) J. Hugget & G. ( ass Carecson & Metallsch 
The new instrument for thermo-magnetic analysis developed by Chaudron-For 
he study 3 some iron minerals and oxides—E. I 


bes Experime ntal Method for the Determination of the Ballistic De magnetization Factor 
London, Edinburgh & Dublin Philosophical Magazine & Journal of Sx 
pages 304 313 
By means of a double search coil of novel design the magnetization and the fi 





fie 
termined from ballistic galvanometer deflections. While the discussion refers ma 
nders, the scheme is adaptable to specimens of other shapes. It 1s particular 
tain accurate measurements of field intensities in cylinders of small diameter. ( 
} lustrate the variation of the demagnetization factor with the magnetizatio1 
vendence of this relation on the material and on the dimensional ratio.—E., | 
MICROSCOPY 


Dark Field Microscopy of Thinnest Films On Liquid Surfaces (Dunkelfeldmikrosk 
Filme auf Flussigkeitsoberflachen) H. Zocher & F. Stiebel, Zeitschrift 
Chemie, May 1930, pages 401-435 

Mono-molecular layers of organic substances on water were microscopically 

various conditions in the Kaiser Wilhelm Institut fur physikalische Chemie und P 

irk field illumination. Numerous pressure surface curves were determined E. F 
Don’t Be Afraid of the Microscope! E.R.Schwarz. Textile World, May 24, 1930 
The author emphasizes the necessity for recording the result of microscopic inve 
sses the advantages and disadvantages of written records, drawings and phot 





LENGTH, AREA AND VOLUME 
Telescoping Gages. Textile World, May 3, 1930, pages 108-109. 
ew telescoping gages are manufactured by Brown & Sharpe Mfg. Co., Provide 
are used to determine internal measurements formerly difficult to obtain.—G 
Roll Indicating Caliper. India Rubber World, April 1, 1930, page 77-78 
The instrument described was developed by the Farrel-Birmingham Co., Anso 
1 


veasuring large calender rolls and for determining their accuracy and the amount of 


ivity. The instruments are built in five sizes for rolls 20 to 50 inches, 16 to 42 in 
inches, 8 to 24 inches and 4 to 17 inches in diameter.—G. N. 
“Bulkometer”’ simplifies Concrete Proportioning. J. V. Schaefer. (Cement Gun ( 
Co., Chicago). Engineering and Contracting, May 1930, page 209. 
The “‘Bulkometer,’’ as described by the author, permits the determination wit 


within practical limits the effect of moisture in producing bulking of sand.—G. N 
Ammonia-Treated Gage Steel. A. J. Wormwood, Supervisor of Gages, Independen 
Tool Company. American Machinist, Vol. 72, Mar. 13, 1930, page 452 
\ plug gage made from machinery steel ‘and carburized with previously used mater 
average of 90 holes per gage. Gages from the same steel but carburized with new materi 
320 holes per gage. Gages from steel conforming ape A. E. 5195 specifications averaged 340. 
per gage. Gages from oil hardened steel quenched 1500°F. and drawn to 300°F ave { 
holes per gage. Gages from ammonia treated steel, cous as nitralloy show best results 
average of 1,044 holes per gage before showing appreciable wear Ele Be 
Gages for Measuring of Interior Threading ( Zusammensetzbares Stichmass mit Fein 
zum Messen vol Innengewinden). Zeitschrift fuer Feinmechanik und Praez 
1930, pages 1-2. 
Description of a gage with exchangeable parts made by Carl Zeiss, Jena.—Ha. 
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SURVEYING 


Set-Up of Axis of Rotation in Polygon-Line-Measurements in Open Air and Under Eart 
zapfenaufstellung fuer Polygonzugvermessungen ueber und unter Tage) P 
chrift fuer Instrumentenkunde, Nov. 1929, pages 550-552. 

In contrast with measurements of le —. the angle measurement still requires impr 
ne of which this paper deals with 

Cinematographic Theodolyte of the | Werke Aktiengesellschaft (Kino Th: 
Askania-Werke Aktiengesellschaft) H. Fuss, Zeitschrift fuer Instrumentenkunde 
pages 529-540 

A recording theodolyte, destined for the determination of the course of a body fr v 

through space, is reported on which has recently brought on the market by the Askania W 

The mode of operation of the delicate instrument is described in details and illustrated a 

number of figures LBs 

Accuracy of Results in Optical Measurement of Distances According to the Prescriptions of t 
Wuertembergische Amtliche Technische Anweisungen fuer Katastervermessung 

keitsergebnisse eines Vergleichs optischer Distanzmessungen mit Messungen ent 
der Wuertembergischen Amtlichen Technischen Anweisungen fuer Katasterv 
W. Schneider, Zeitschieft = Instrumentenkunde, Nov. 1929, pages 541-550. 
This pe aper from the Technische Hochschule Stuttgart critically compare s the standa 
r the determination of distances as aad in the State of Wuertemberg 
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DE KHOTINSKY LABORATORY CEMENT 


This Cement was originally prepared by Captain A. 
DeKhotinsky in 1882 for making air-tight joints in incan- 
descent lamp bulbs and vacuum tubes and up to the present 
time nothing better has been produced. It is useful as an 
insulating material and protection against corrosion and 
will be found indispensable in the laboratory. 

The Cement is made in three different grades of hard- 
ness and sold in one or two ounce bars. 
One ounce bar , r 


THE GAERTNER SCIENTIFIC CORPORATION 
1201 Wrightwood Avenue ° Chicago, U.S. A. 


$.75 











The 1E/MAg 


e eamese 
Torsiograph of Dr.-Ing. J. Geiger is a precision instrument 
which can be successfully used to accurately 
measure and record 
Angular Deflections, Degree of Torque 
Irregularity, Critical Speeds, Torsional 
Oscillations, etc. 


Used all over the world. Excellent Testimonials. 


LEHMANN & MICHELS, Abt. 1, Hamburg-Altona, Germany 











Madison Avenue at W. 112th Street 
Cleveland. Ohio 














SECONDS COUNT !! 


TIME CYCLE CONTACTORS 
“CYCLE STOP” and 
“CYCLE REPEATING”? TYPES 
ONE SECOND Time In- 
terval Adjustments 
STURDY — ACCURATE — RELIABLE 
Automatic Temperature WG 
Control Co., Inc. 
Philadelphia, Pa. 
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GASES, AIR AND STEAM 


On Wind Measurements and Wind Measuring Instrume nts (Etwa rW 
messgerat er Me k 1 Praezision, June 29, 1930 
Description of a few instruments of the hekean i-Work Ha 
he ovelaguneat of the Bellow- Meter \us der Entwicklung des I 
é k, July 1930, page 177-181 











I qr eh, lifferen between valve-gas meter and single bellow-gas1 
Tr tain correct measurements in the latter the leather diaphragm must hav 
rhe proper dimensioning of all part ( of h ude materials have lead 
verfection of this meter h. be t I t to dir in itio 





( alibration and Lag of a Frie Zz Type C up Ane mometer. R. Pinkerton, Techn 

















\dvisory Committee for Aeror 8S page 
Tests on a Friez type cup anemon ive been made in the Var V 
Langley Memorial Aeronaut tory t " ite t ind t 
il for velocity measurements of wit t tr wa 
Pitot static tube placed directly above the anemometet r densities correspond 
t in titude of a te 6000 feet Air speed accelerat tests wer 
I tr F The t i? ult iat there 
. t iad > ag . 
ELECTRICITY 
Electrical Measuring Instruments in Rooms with Danger from Explosions (1 
trumente in explosi¢ efaehrlichen Raeume Ad. Gaier. Elektrizitaet 
930, pages 89-90 
General principles for t feo ingest agg ich instruments an essal 
ording to the German VDE-1 Ha 
The Electrical Test Floor and the muoctricat Machine as Braking- gg agg soir D 
Prueffeld und die elektrische i Bremsdynamd K 
Se bau, May 22, 1930, page 84- 89 
General discussion of testing of electrica i ter 
eter method Ha 
Location of Failures in High-Tension Transmission Lines By An Alternating Current M 
Fehlerortbestimmung an Hochspan freileitunger " einer Wechselst 
Hans Poleck, Wisse ft e Veroeffentlichungen a dem Sie ns kK 
\ 9, pages 298-328 
I 1 evelc the f ‘ or I e deter f 
t gre l \ graph ie ut lescribed and all de 
t I i bridg ethod w sufhice or theor 1 practica rp 
possible a measurement when an in 1 on from the | tel 
The Measuring of Earth Currents (Die M ing von Erdstromen \d. G 
Bergbau, July 20, 1930, pages 141-143 
I simpl ea ng t eaka rrents from pipes, ra 








The Calculation of Reactances Without Iron (1 r nloser Dr 
e-Hanser lektrotechn he Zeitschrift page 427-429 
\ few empiri formulas for t elf ( 1 ; 
f erator t t n tance ' 
tor is fort self-ind n of paralle ta lar rails a rs are deve 





Me asureme nts of L oss we s and 1 Efficier sncies by Means of the The rmal Wattm« ter 
Wirku t 


eter 








i gsg1 
hrift Pe 20 1930 age 21-423 
1 hot-wir ttmeter ribed and f od dev ” 
¢ tine operation die t osst specially of cables w 
I yw ‘ ‘ be appl 1 for i r 
DI 
ter ne the difference ‘ effici« ¢ I method w be r to 


The Cross-Coil Ohmmeter in Remote Measurements (Das Kreuzspul-Ohm 











messte hnik J Moeller lesstechnik, June 1930, pages 149-152 
T} rin of tI t f ft s arranged in an tea 
shaped p ‘ t ped ir t There is lire i 
passt ‘ ) f passe th oils will sume osition that the i 
oils are pre onal tot resist of the respective co ire Phe 
for remote measuring of ter rature in of « t intities of elect t 
inical nature Ha 


An Amplifier for Measuring Small Currents. R. D. Bennett Review of Scient 
Aug. 1930, pages 466-470 










I 
An amplifier is described which uses a four electrode tube of the ordinary typ 
m current sensitivities of the order of 10-18 ampere \ novel feature 

eak the positive ion emission of the filament 





I 





A Theoretical and Experimental Study of the Resonance Radiometer. J. D. Har 










Scientific Instruments, Aug. 1930, pages iS 
alvanometer system for the measurement of very small voltages, of the order 
de nd its application to the measurement of feeble radiations with a therm« 











ssed. It has been found that energies of the order of 1/200 of that previously detecte 

devices could be measured with the Resonance Radiometer. The effect of the Brownian \ 
I n has been calculated and has been found to be about 1/200 that of the ff 

linary galvanometer An experiment is described for the measurement of the spe 

nocouples, and results on the splashed filament type are recorded 

— 

A Cathode Ray Hysteresigraph. R. A. Chegwidden 3ell Laboratories Record, J 

462-464 


he operation otf the 
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ABRASION TESTERS 
H, Z. Schniewind 
aciIDITY RECORDERS 
Leeds & Northrup Co. 
2ubicon Company 
AIR FLOW INDICATOR 
Brown Instrument Co. 
Commercial Engg. Labs. 
Foxboro Co. 
AIR METERS 
American Meter Co. 
Foxboro Company 
ALIDADES 
ALTIMETERS 
American Paulin Sy; “ Inc. 
Tagliabue Mfg. Co., 
Taylor Instrument C —— 
AMMETERS—Indicating 
General Electric Co. 
General Radio Co. 
Jewell Electrical Instrument Co 
Rawson Elect. Inst. Co 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 
Recording 
Bristol Company 
Esterline-Angus Company 
General Electric Co. 
ANEMOMETERS 
Taylor Instrument Companies 


ARMATURE TESTING EQUIP- 
MENTS 


Westinghouse Hlec. & Mfg. Co. 
ASPHAL oa ee 

Tagliabue Mfg. ¢ J. 
ATTENUATION NETWORKS 


General Radio Company 


AUDIO-FREQUENCY OSCILLA- 
TORS 


General Radio Company 
BALANCES 
Akatos, Inc. 
H. Z. Schniewind 
BAROMETERS—Aneroid Mercur- 
ial, Recording 
American Paulin System, Inc. 
Bristol Company 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
s8ATHS—Constant temperature 
water & oil 
BATTERY TESTERS 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 
BOARDS: —ne 
Foxboro C 
BRAKE TESTING METER 
Leeds & Northrup Co. 
BRIDGES, ELECTRICAL 
Capacities, Conductivity, Hoopes, 
Inductance, Kelvin, Resistance, 


Leeds & Coe Co. 
Rubicon Com; 
CABLE TESTE! 3. 

—_ & ooo 0. 
wson Elec. Ing 
CALORIMETERS Gar 
American Meter Co. 

Burgess-Parr Co. 
Peroxide, byt Bomb 
Burgess-Parr Co. 

Gaertner Scientific C orp. 


sa as METERS 
reneral Electric Co. 
Geena Kadio Co. 
Leeds & Nort +> gaa 
Kubleay Compan 
CARBON DIOXIDE METERS 
American Meter Co. 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 
Leeds & Northrup C . 
Tagliabue Mfg. Co., C. J 
CARBON MONOXIDE METERS 
American Meter Co. 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J 
CATHETOMETERS 
Gaertner Scientific Corp. 


= _ INSTRU- 
CHRONOGRAPHS 


Gaertner Scientific Corp. 
CHRONOMETERS 
Tagliabue Mfg. Co., C. J. 
CLOCKS—Gauge Board 
Brown Instrument Co. 
Bristol C ompany 
Foxboro Co 


CLOUD & POUR TEST AP- 
TUS 


PARA 
Tagliabue Mfg. Co., C. J. 
COILS 


let: diet 


e, Special. 





F y 
General Radio Co. 
Rubicon Company 

COIL TESTING EQUIPMENTS 
Leeds & Northrup Co. 
Rubicon Company 
Westinghouse Elec. & Mfg. Co 

COLORIMETERS 
Akatos, Inc. 

Tagliabue Mfg. Co., C. J 

COMBUSTION CONTROL 

EQUIPMENT 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Leeds & Northrup ( 


‘0. 
COMMUNICATION MEASURING 


INSTRUMENTS 
General Radio Company 
COMPASSES 
Taylor Instrumentj;Companies 
COMPARATORS 
B. C. Ames Co. 
Federal Products Corp. 
Gaertner Scientific Corp. 
General Electric Co. 
CONDENSER LEAKAGE 
RECORDERS 
Esterline-Angus Company 
Leeds & Northrup Co. 
CONDENSERS—Electrical 
General Radio Co. 
Leeds & —— Co. 


Rubicon 
CONDUCTIVITY METERS 


Indicating, Recording, Controlling 


Esterline-Angus Company 

Leeds & Northrup Co. 
CONCENTRATION RECORDERS 

Eaterline-Angus Company 

Leeds & Northrup Co. 
CONSTANT SPEED & FRE 

QUENCY SETS 
Leeds & Northrup Co. 


CONTOUR MEASURING PRO 
JECTOR 


Bausch & Lomb Optical Co 


CONTROLS, AUTOMATIC 
Condensation 
Tagliabue Mfg. Co., C. J 
Damper 
Brown Instrument C 
Charles Engelhard, Inc 
Foxboro Co. 
Leeds & Northrup C¢ 
lagliabue Mfg. Co., ( 
Demand Pressure 
Foxboro Company 
Feed Water 
Brown Instrument ( 
Foxboro Co. 
Filter Rate 
Brown Instrument ( 
Foxboro Co. 
Float 
Flow 
Brown Instrument ( 
Foxboro Co. 
Gravity 
Foxboro Co. 
Tagliabue Mfg. Co., 
Humidity 
Bristol Company 
Brown Instrument ( 
Charles Engelhard, I: 
Foxboro Co, 
Claud $8. Gordon ¢ 
Leeds & Northrup 
lagliabue Mfg. Co., C. J 
layior Instrument Companies 
Humidity & Temperature 
Bristol Company 
srown Instrument C 
Charles E ingelhard, Inc 
Foxboro Co. 
Claud 8. Gordon ( 
Leeds & Northrup Ci 
Tagliabue Mfg. Co., 
Taylor Instrument Companies 
Liquid Level 
Bristol Company 
Brown Instrument Co 
Ksterline-Angus Company 
Foxboro Co. 
Claud 8. Gordon Cx 
Tagliabue Mfg. Co., C. J 
Motor 
Pressure & Vacuum 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, Inc. 
Esterline-Angus Company 
Foxboro Co. 
Claud §. Gordon Co. 
Minneapolis-Honey well Co 
lagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
Pyrometer 
Bristol Company 
Brown instrument Co 
Charles Engelhard, Inc. 
Claud 8. Gordon Co 
Leeds & Northrup Co. 
Taylor Instrument Companies 
Wilson-Maeulen Company, Inc 
Rate-Volume 
American Meter Co. 
Foxboro Co. 
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The Testing of Condenser Paper. F.L. Roman. Preprint 101, 
terials, 13 pages. 

[his paper discusses the relationship between several characteristics of condense 
om linen stock and the dielectric strength (breakdown voltage) of the condenser 
this paper. Condenser papers 0.0004 and 0.0005 in. in thickness, from foreign as wel 
sources, are included tn this study. The conclusion 1s reached that variations in the d¢ 
condenser paper have no noticeable effect on the dielectric strength of the correspondin 
It is shown that, when in small numbers, conducting paths through the paper have 1 
effect on the dielectric strength of condensers wound with two sheets of the paper betw 
but that the percentage of ‘“‘shorted’’ condensers or of condensers failing at very low vy 
be expected to increase approximately as the square of the number of conducting pat 
area of the paper. Variations in the porosity of the paper are shown to have marked 
the dielectric strength of the corresponding condensers and porosity requirements for 
ow-voltage condensers and for papers used in high-voltage condensers are suggested 
A High Resistance Leak for Electrometer Use. A. K. Brewer. Review of Scientific | 

June 1930, pages 325-32 

Currents of the enone of 10- amps can readily be measured by measuring the | 

across a high resistance leak with a quadrant electrometer of small capacity. 

1 method for simply and easily making the high resistance leak 

The Dielectric Strength of Cable Paper. (Die Durchschlagfestigkeit von Kabelpapier 
Gyemant. Wissenschaftliche Veréffentlichungen aus dem Siemens-Konzern 
part 3, 1930, pages 191-202 

Tests made on 2 different kinds of cable insulating paper show that the dielectr 

ndependent of the humidity if the relative humidity is less than 75% In spite of a large 

in air tightness, ratio 1:16, of the two grades, the difference in dielectric strength is sr 

rhe dielectric strength for d. c. is 10 to 15% higher than for a.c. Under treatment wit! 

light the dielectric strength is not reduced. When the same test piece is punctured sever 

second value is lower than the first but the following values are about the same. The 

onclusions are that the insulating properties of paper are due to the air in the pores 

iigher than for air alone because the pore walls of the paper absorb energy, requiring a h 

ge for puncture. Several references are given C. E. M 
A New Rate-Meter of the Aron Werte tin neuer Tarifapparat der Aronwerke). Elektro 

Zeitschrift, Feb. 13, 1930, page 250 

A combination of switch-clock ad meter permits the installation to be connected 
times of preferred rates for energy consumption. The apparatus is described in detail 
A High-Tension Voltmeter. (Ein Hochspannungsvoltmeter). A. Nikuradse. Elektr 

Zeitschrift, Feb. 13, 1930, page 250 
The instrument consists of 2 horizontally arranged discs, the upper one has a circular 
entre cut out and suspended ona spring. Variable voltage moves this central part; the 
curve in logarithmic representation is a straight line which makes adjustment and calibrat 
la 
The New Temperature Compensated Induction Meter of Siemens-Schuckertwerke 
temperaturunabhaengige Induktionszaehler der Siemens-Schuckertwerke, eine 
Loesung auf dem Gebiete des Temperaturausgleichs). A. Callsen. Elektrotechnis 
chrift, Feb. 27, 1930, pages 307-311 

After discussing the influences of temerature on the indication of a meter and the mean 
by several manufacturers to counteract them the author describes the new method of SSW 
small meter for house installations The heat-compensation is effected by the arrange! 
heat-alloy which keeps magnetic flux as well as phase-angle constant over a wide ran 
perature. Ha. 

Automatic Voltage Regulator (Selbstaetiger Spannungsregler). P. Toulon.  Elekt 
Zeitschrift, Feb. 6, 1930, pages 21: 

Series connection of an ohmic resistance and neontube in such manner that the tern 
can be kept almost constant; for 10% voltage variation the regulation is 0.2. Ha 
Oscillographs. Zeitschrift Verein deutscher Ingenieure, Feb. 22, 1930, pages 239-242 

his paper is a review of construction and action of all types of oscillographs, their 
properties, sensitiveness, and ranges. Electro-dynamic electro-static loop oscillograph 
ertain inertia while cathode-ray oscillographs are practically without inertia. For oscil 
to 6000 Herz the instruments of the former type can be used, for higher frequencies « 
instruments must be used. Today, frequencies up to 107 Hz can be recorded oscillograph 
Measurements of Loss-Angles and Efficiencies by Means of the Thermal Wattmeter 
winkel-und Wirkungsgradmessungen mittelst des rae] hen Wattmeters \ 
Elektrotechnische Zeitschrift, Mar. 20, 1930 pages 421-423. 

\ modified form of hot-wire wattmeter is describe 1 and a method developed for m« 
recording in daily routine operation dielectric losses especially of cables where the powe 
very low. It is also shown how the same method can be applied for measuring certain eft 
by determining the difference of 2 efficiencies. This method is accurate to about 10% 


POWER, WORK AND OUTPUT 
The Engine Indicator as a Guide to Performance. H. A. Gehres. Cooper-Bessemer M« 


1930, pages 3-5,19; July 1930, pages 3-5, 19. 
rhe article discusses the indicator card in compressor work. 
Remote Locomotive Engine Indicator (Lokomotiv-Indikator mit elektrischer Fernb 
Zeitschrift fuer Feinmechanik und Praezision, Nov. 30, 1929, pages 5-7. 
rhe latest model Lehmann & Michel locomotive engine indicator is described. 


TEMPERATURE AND MOISTURE 


A Self-Compensating Temperature Indicator. J. F. Kennard and H. T. Faus. Journa 
Institute of Electrical Engineers, May 1930, pages 343-345. 
Paper describing = adaptation of the properties of a series ot specially prepared ni 
alloys (designated ‘‘Calmaloy”’) whi h possess the property of a linear relation between 
rmeability and temperature over a wide range, for the purpose of providing comper 
n nilli It meters used in connec tion with thermocouples for determining the temperat 
1 aircraft motors. Curve ziven indicating the accuracy he compensation « 
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Refrigeration ; 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Leeds & Northrup Co. ; 
Westinghouse Elec. & Mfg. Co. 


Spectal 
Rubicon Company 
Tachometer 
Brown Instrument Co. 
Eaterline-Angus Company 
Foxboro Co. 
Claud 8. Gordon Co. 
Leeds & Northrup Co. 
Temperature-Time ; 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 
Claud 8. Gordon Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. € 0., C. J 
Taylor Instrument Co. 


Thermometer 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 
Claud 8. Gordon Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
Wilson-Maeulen Company, Inc. 


Thermostat 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 
Claud 8. Gordon Co. 
Minneapolis-Honey well Co. 
Taylor Instrument Companies 
Westinghouse Elec. & Mig. Co 
Thickness 
Eeterline-Angus Company 
H, Z. Schniewind 
Time 
Brown Instrument Co. 
Esterline-Angus Company 
Foxboro Co. 
Claud 8. Gordon Co. 
Stromberg Electric Co. 
Tagliabue Mfg. Co., C. J 
Unit Heater 
Minneapolis-Honeywell Co. 
Vacuum 
Bristol Company 
Brown Instrument Co. 
Katerline-Angus Company 
Foxboro Co. 
Claud S. Gordon Co. 
Meriam Co. 
Valve—Motor Operated 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 
Claud 8. Gordon Co. 
Minneapolis-Honey well Co. 
Taylor Instrument Companies 
Water Level 
Bristol Company 
Brown Instrument Co. 
Keterline-Angus Company 
Foxboro Co. 
Tagliabue Mfg. Co., C. J. 
COORINATOGRAPHS 


COUNTERS—Revolution 
Bristol Company 
Brown Instrument Co. 
Lehmann & 


Esterline-Angus Company 
Lehmann & Michels 


COUPLING TRANSFORMERS 
General Radio Company 


CURRENT RECORDERS 
Bristol Company 
Esterline-Angus Company 
Leeds & Northrup Co. 

CURRENT REGULATORS 
Westinghouse Elec. & Mfg. Co 

CYCLE COUNTERS 
General Radio Co. 

CYLINDERS-GRADUATED 
Tagliabue Mfg. Co., C. J 

DECELEROMETER 

DEFORMETER (Beggs) 
Southwark Fdy. & Mach. Co 

DEMAND METERS 

Gas 
American Meter Co. 
Foxboro Company 

Electric 
General Electric Co. 
Westinghouse Elec. & Mfg. Co 

DENSITOMETERS 
Akatos, Inc. 

DENSOMETERS 
H. Z. Schniewind 

DIVIDING HEAD 

Optical 
Bausch & Lomb Optical Co. 

DIVIDING MACHINES 
Gaertner Scientific Corp. 

DRAFT GAGES—see Gages 

DYNAMIC BALANCING 

EQUIPMENT 
Commercial Engg. Labs. 
EARTH CURRENT METERS 


Rawson Elec. Inst. Co. 
ELECTRIC TELEMETER 
Southwark Fdry. & Mach. Co. 
ELECTRIC WAVE FILTER SEC- 
TIONS 


General Radio Company 

EMPLOYEES’ “IN AND OUT” 
TIME RECORDERS 

Stromberg Electric Co. 
ENGINE INDICATORS 

Commercial Engg. Labs. 

Lehmann & Michels 
EXTENSOMETER 

H. Z. Schniewind 

Southwark Fdry. Mach. Co 
FATIGUE TESTERS 

H. Z. Schniewind 
FAULT FINDERS 

General Radio Co. 

Leeds & Northrup Co. 

Rubicon Company 

Weston Electrical Inst. Corp 
FLASH & BURNING POINT 

TESTERS 

Akatos, Inc. 

Tagliabue Mfg. Co., C.. 

Taylor Instrument Co. 
FLOW METERS 

American Meter Co. 

Brown Instrument Co. 

Foxboro Co. 

Meriam Co. 
FLUXMETERS 

Leeds & Northrup Co 

Rawson Electrical Instr. Co 
FOLDING TESTER 

H. Z. Schniewind 
FREQUENCY METERS 
Indicating 

General Electric Co. 

Jewell Electrical Instrument Co 

Leeds & Northrup Co. 

Westinghouse Elec. & Mfg. Co 

Weston Elec. Inst. Corp. 
Controlling 

Leeds & Northrup Co. 
Recording 

Bristol Company 

Esterline-Angus Company 

Leeds & Northrup Co. 
Standards 

General Radio Co. 
FUEL ANALYSIS APPARATUS 

Burgess-Parr Co. 


FUEL FLOW INDICATOR 


Commercial Engg. Labs 


GAGE RODS 
Tagliabue Mfg. Co., C. J 


GAGES 


Absolute Pressure 

Bristol Company 

Brown Instrument Co 

Foxboro Co. 

Meriam Co. 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
Amplifying 

B. C, Ames Cu. 

Federal Products Corp 
Comparator 

B, C, Ames Co. 

Federal Products Corp 
Cylinder 

B. C. Ames Co 

Federal Products Corp 
Depth 

B. C. Ames Co. 

Federal Products Corp 
Dial 

B. C. Ames Co. 

Federal Products Corp 

H. Z. Schniewind 
Differential Pressure 

American Meter Co. 

Brown Instrument Co 

Foxboro Co. 

Claud S. Gordon Co 

Meriam Co. 

Tagliabue Mfg. Co., C. J 
Draft 

Bristol Company 

Brown Instrument Co 

Foxboro Co. 

Claud 8. Gordon Co, 

Meriam Co. 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
Drill 

Bausch & Lomb Optical Co 
Grinding 

Federal Products Corp 


Liquid Level 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Leeds & Northrup Co. 
Meriam Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companie 
Loss of Head 
Brown Instrument Co 
Foxboro Co. 
Meriam Co. 


Pitch Diameter 

Federal Products Corp 
Pock® 

H Z. Schniewind 


Pressure 
American Meter Co. 
Bristo] Company 
Brown Instrument Co 
Foxboro Co. 
Claud 8. Gordon Co. 
Leeds & Northrup Co 
Meriam Co, 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 


Pressure-T emperature 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Claud 8. Gordon Co. 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 
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Industrial Temperature 
Brief Discussic 
Automatic Control of Te mperature 

B 


Measuring Instruments. 


Thermal Transmission of Fabrics. 
Materials, J 


ine 23-27, 193 0 


Ga 


ESSURE 
A New Measuring Instrument for Pre ssure sin Mines I 
Ber c ‘ tel Mes 


i mete 1 
Pressure M. te rs 0 if Gla ass witheet Me rcury 


1930 


SPEED, ACCELERATION AND TIME 
Time-Recording Apparatus of Loebner 
Zeitschrift fuer Me inik und P n, J 


The Der Ze 


Pres cise " Measures me ent of Short ‘Time Intervs 
Tow! Rev Instrume 449-465 


PHYSICAL TESTING 
The Relative Safety of ——e and High Tension Alloy Steels. 
Engineer b. 1 “()-78 


Single Strand Tester. 
yw tens 
, Provic ihe I 

ls of wet 


Toledo Auto- Gage. Cc Chassis Spring Sc ale. 


Re lationships Between Rockw € il and "Brine tl Saute rs 


1930, pages 19-50 


| rmine 
few differed 
pirical equations were } il rengtl tee n terms of their 
Experimental value the 


naner of plus or minu 

A Magnetic Strain Gage. . hamberger. Preprint 107, American Society 
June 23-27, 1930, 7 

For a long time o— ani rument that w 

mechanical structure i I dy1 
house Electric and M anufa 

a Magnetic strain 


also under t 
developed su an instrument 
given in this This gage 
dynami iditions in 
ge members, shafts, wheels and many 
stress under static conditions in the laborator 
" ‘ 


and requires no delicate handling 


gage, a description of 

measuring strain and therefore determining stress undet 
lroad ra locomotive side rods, brid 

equally adapted for « 


is simple in constr 
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Pressure & Vacuum 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 
(General Electric Co. 
Claud 5 Gordon Co. 
Leeds & Northrup Co. 
Meriam Co. ‘ 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument C ompanies 


Profile 
Bausch & Lomb Optica] Co. 


Rain 
Taylor Instrument Companies 
Recording 
Distance 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Company 
Claud §. Gordon Co. 


Strain 
Southwark Fdry. & Mach. Co. 
Thickness 
B. C. Ames Co. 
Esterline-Angus Company 
H. Z. Schniewind 
Volume 
American Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Meriam Co. 
Water Level for Bollers 
Bristol] Company 
Brown Instrument Co. 
Foxboro Co. 
Wind 
Brown Instrument Co. 
Taylor Instrument Companies 
GALVANOMETERS 
Brown Instrument Co. 
Charles Engelhard, Inc. 
General Radio Co. 
Claud §. Gordon Co. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co. 
Rubicon Company 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 
GAS ANALYTICAL METERS 
Chemical 
American Meter Co. 
Tagliabue Mfg. Co., ¢ 
Electrical 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
GAS LEAK INDICATORS 
Taylor Instrument Companies 
GAS-METERS 
American Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Meriam Co. 
GASOMETERS 
American Mete: 
GEOPHYSICAL INSTRUMENTS 
Akatos, Inc. 
GOVERNORS 
Laboratory Dry & Wet Gas 
American Meter Co. 
Pressure 
Bristol Company 
Brown Instrument Co. 
Leeds & Northrup Co. 
ae Mfg. Co., C. J. 


iTeatiabue Mfg. Co., 
ay $ STRAIN TESTERS 


tos, Inc, 
GREASE TESTING APPA.RATUS 


iabue Mf J 
ondtino DETECTORS 
& Northrup Co. 
Rete Com 
Westinghouse Etec. & Mfg. Co. 
Weston Electric Inst. Corp. 


GROUND-OHMER 
Leeds & Northrup Co. 
Herman H. Sticht & Company 


GYPSUM TESTING INSTRU- 
MENTS 


H. Z. Schniewind 
HARDNESS TESTERS 

Akatos, Inc. 

Claud S. Gordon Co. 

H. Z. Schniewind 

Wilson-Maeulen Company, Inc. 
HARMONIC ANALYZERS 

Leeds & Northrup Co. 
HELIOSTATS 

Gaertner Scientific Corp. 


HIGH FREQUENCY APPARATUS 


HIGH VOLTAGE 
Indicators 
Measuring Devices 
General Electric Co. 
Westinghouse Elec. & Mfg. Co 
Testing Devices 
General Electric Co. 
Westinghouse Elec. & Mfg. Co 
HUMIDITY CONTROLLERS 
Bristol Company 
Charles E ngelhard, Inc. 
Foxboro Co. 
HUMIDITY RECORDERS 
Wet & Dry Bulb Thermometers 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
HYDROGEN ION METERS 
Indicatin 
Leeds 4 Northrup Co. 
Rubicon Company 
Controlling, Recording 
Leeda & Northrup Co 
HYDROMETERS 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
HYGROMETERS 
Brown Instrument Co. 
Foxboro Co. 
H, Z. Schniewind 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
IMPACT HARDNESS TESTER 
H. Z. Schniewind 
IMPACT TESTING MACHINES 
Akatos, Inc. 
H. Z. Schniewind 
Alternating 
INDICATORS—See Gauges 
INDUCTANCES 
General Radio Co. 
Leeds & Northrup ( 
{ubicon Company 
INSTRUMENT BOOKS 
Instruments Publishing Co 
INSTRUMENT CALIBRATION 
AND REPAIRS 
Claud S. Gordon Co. 
Jewell Electrical a Co. 
Rubicon Compa: 


INSTRUMENT *TRANSFORMERS 


General Electric Co. 
Jewll Electrical Instrument Co. 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 
INSULATION TESTING EQUIP- 
MENT 


General Electric Co. 
Leeds & Northrup Co. 
Rubicon C ey | 


Westinghouse Elec. & Mfg. Co 


INTEGRAPHS & INTEGRATORS 


Leeds & Northrup Co. 
yee RS 
Gaertner Scientific Corp 
JOB TIMING RECORDERS 


Stromberg Electric Co. 


KEYS AND SWITCHES 
General Radio Co. 
Leeds & Northrup Co 
Rubicon Company 
KILNBOY 
Foxboro Co. 
KILOVOLT AMPRERE METERS 
Esterline-Angus Company 
KLYDONOGRAPHS 
Westinghouse Elec. & Mfg. Co 
LACTOMETERS 
Tagliabue Mfg. Co., C. J. 
LENGTH MEASURING 
MACHINES 
Gaertner Scientific Corp 
H. Z. Schniewind 
LEVELS 
Centering 
Bausch & Lomb Optical Co 
Enginerr’s, Wye, Precision 
Prism 
Taylor Instrument Companies 
LIME TESTING INSTRUMENTS 
LOCOMOTIVE INDICATORS 
Lehmann & Michels 
LUSTER METERS 
Akatos, Inc. 
MAGNETOMETERS 
Rubicon Company 
MANOMETERS 
American Paulin System, In 
3rown Instrument Co 
Foxboro Co, 
Meriam Co. 
MASTER CLOCKS 
Gaertner Scientfiic Cory 
Stromberg Electric Co 
MEASUREMENT BOOKS 
Instrument Publishing Co 
MEGOHMMETERS 
Leeds & Northrup Co. 
Rubicon Company 
Herman H. Sticht and Company 
MEGOHM VOLTMETERS 
Jewell Electrical Instrument Co 
Weston Electrical Inst. Corp 
MELTING POINT APPARATUS 
Claud $. Gordon Co 
Tagliabue Mfg. Co., C. J 
METER PROVERS, Gas 
American Meter Co 
METER TESTERS, Gas 
American Meter Co 
MICROMETERS 
Gaertner Scientific Corp 
H. Z. Schniewind 
MICROAMMETERS 
General Electric Co. 
Jewell Electrical Instrument Co 
Rawson Electrical Instrument Co 
Weston Electrica! Inst. Corp. 
Wilson-Maeulen Company, Inc 
MICROFARADMETERS 
General Radio Co 
Jeweil Electrical Instrument Co 
Leeds & Northrup Co. 
Rubicon Company 
Weston Electrical Inst. Corp 


MICRO PYROMETERS 


Akatos, Inc. 


MICROSCOPES 
B 


rinell 

Bausch & Lomb Optical Co 
Gaertner Scientific Corp. 
Claud 8. Gordon Co. 

H. Z. Schniewind 

Spencer Lens Co. 


Metallographic 


Akatos, Inc. 

Bausch & Lomb Optical Co 
Claud 8. Gordon ¢ 

Spencer Lens Co. 
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Petrographical 
Akatos, Inc. 
Bausch & 4 oe Co 
Spencer Lens ( 
Toolmakers’ 
Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 
Spencer Co. 
MICROTOMES 
Bausch & Lomb Optical Co. 
Spencer Lens Co. 
MILLIAMMETERS 
Charles Engelhard, Inc. 
General Electric Co. 
General Radio Co. 
Jewell Electrical Instrument Co. 


Rawson Electrical Instrument Co. 


Lag Electrical Inst. Cor: 
Wilson-Maeulen C anpeny, ie. 
MILLIVOLTMETER 
Bristol Company 
Charles Engelhard, Inc. 
General Electric Co. 
Jewel: Electrical Instrument Co. 
Rawson Electrical Instrument Co 
Taylor Instrument Companies 
a Electrical Inst. Corp. 
Wilson-Maeulen Company, Inc. 
— RADIATOR VALVES 
ea polis-Honeywell Co. 
MOTION RECORDERS 
Mechanical 
Bristol aad 
Foxboro 
Lehmann % Michels 
MULTIMETERS 


Rawson Electrica] Instrument Co. 


MULTIPLIERS 
Jewell Electrical Instrument Co. 
Leeds & Northrup Co. 
Weston Electrical Inst. Corp. 
NEON FILLED TUBES 
NEPHELOMETERS 
Akatos, Inc. 
OHM METERS 
General Radio Co. 
Jewell Electrical Instrument Co. 
Leeds & Northrup Co. 
Rawson Eiectrical Instrument Co 
Rubicon Company 
Herman H. Sticht and Company 
Weston Electrical Inst. Corp. 
OIL METERS 
Claud 8, Gordon Co. 
OIL TESTING APPARATUS 
General Electric Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
OPERATION RECORDERS 
Electrical 
Bristol Company 
Brown Instrument Co. 
Foxboro Co, 
Leeds & Northrup Co. 
Tagliebue Mfg. Co., C. J. 
ORIFICE METERS 
American Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Meriam Co. 
ORSAT APPARATUS 


OSCILLOGRAPHS 
General Electric Co. 
General Radio Co. 
Westinghouse Elec. & Mfg. Co. 

OXYGEN RECORDERS 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 

PANTOGRAPHS 
Gaertner Scientific Corp. 

PERFORMANCE METER 

PERMEAMETERS 
Leeds & Northrup Co. 
Rubicon Company 


PAPER TESTING INSTRU- 
MENTS 


H. Z, Schniewind 
Spencer Lens Co. 
PERISCOPES 
Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 
PHASE INDICATOR 
Westinghouse Elec. & Mfg. Co. 
PHASE SEQUENCE INDICATOR 
Herman H. Sticht Co. 
PHOTOELECTRIC COLOR 
ANALYZERS 
General Electric Co. 
PHOTOELECTRIC COLOR COM- 
PARATOR 
General Electric Co. 
Piste: ELECTRIC TUBES 
General Electric Co. 
PHOTOMETERS 
Akatos, Inc. 
American Meter Co. 
Gaertner Scientific Corp. 
Bausch & Lomb Optical Co. 
Leeds & Northrup Co. 
PHYSICAL TESTING MA- 
CHINES 


Claud 8. Gordon Co. 
Lehmann & Michels 

H. Z. Schniewind 

Southwark Fdry. & Mach. Co. 

PITOT TUBE METER 
Brown Instrument Co. 
Foxboro Co. 

PLANIMETERS 

Automatic Flow Record 
Brown Instrument Co. 

Linear 
Brown Instrument Co. 
Lehmann & Michels 

Radiat 
American Meter Co. 

Bristol Company 
Foxboro Co. 

Square Root 
Foxboro Co. 

POLARISCOPES 
Akatos, Inc. 

Gaertner Scientific Corp. 

POSITION RECORDERS 
Bristol Company 
Esterline-Angus Company 
Foxboro Co. 

POTENTIAL DETECTORS 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co. 

POTENTIOMETERS—Indicating 
Brown Instrument Co. 

General Electric Co. 
Claud 8. Gordon Co. 
Leeds & Northrup Co. 
Rubicon Company 

Recording & Controlling 
General Electric Co. 

Claud 8. Gordon Co. 
Leeds & Northrup Co. 

POWER FACTOR METERS 
Esterline-Angus Company 
General Electric Co. 

Jewell Electrical Instrument Co. 
Westinghouse Elec. & Mfg. Co. 
Weston Eelectrical Inst. Corp. 

POWER FACTOR REGULATORS 
Rubicon Company 
Westinghouse Elec. & Mfg. Co. 

PRESSURE RECORDERS 
Esterline-Angus Company 
Foxboro Co. 

PRICESS TIMING AND SIG- 

NALING INSTRUMENTS 
Stromberg Electric Co. 


PROGRAM INSTRUMENTS 
Stromberg Electric Co. 


PROJECTION LANTERN 
Bausch & Lomb Opt 
Spencer Lens Co. 

PROTRACTOR 

Optical 
Bausch & Lomb Opt 

PSYCHROMETER 


Recording 
Bristol Company 
Foxboro Co. 
Leeds & Northrup Co 
Tagliabue Mfg. Co., © 
Taylor Instrument ( 
Sling 
Taylor Instrument Compan 
PYROMETERS 
Optical 
Claud S. Gordon Ci 
Leeds & Northrup Co 
Pyrometer Instrument ( 
Radlation 
Indicating 
Brown Instrument Co 
Claud 8. Gordon Co 
Leeds & Northrup Co 
Pyrometer Instrument ( ; 
Taylor Instrument Companie 
Recording 
Brown Instrument Co. 
Leeds & Northrup Co 
Taylor Instrument Companie 
Thermo-electric 
Immersion 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, Inc 
Claud 8. Gordon Co. 
Leeds & Northrup Co 
Pyrometer Instrument Company 
Taylor Instrument Com panjes 
Wilson-Maeulen Company, In 
Indicating 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Claud 8. Gordon Co. 
Leeds & Northrup Co. 
Taylor Instrument Companies 
Westinghouse Elec. & Mfg. ( 
Wilson-Maeulen Company, [nc 
Recording and Controiling 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Claud 8. Gordon Co. 
Leeds & Northrup Co. 
Taylor Instrument Companies 
Wilson-Maeulen Company, [nc 
Surface Contact 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, Inc 
Claud 8. Gordon Co. 
Leeds & Northrup Co. 
Pyrometer Instrument Company 
Taylor Instrument Companies 


RADIO — OSCILLA- 


General Radio Company 
RADIO SET ANALYZERS 
General Radio Company 
Jewell Electrical Instrument 
Weston Electrical Inst. Corp 
RADIO TUBE CHECKERS 
General Radio Company 
Jewell Electrical Instrument 
Weston Electrical Inst. Cory 
RADIO TEST PANEL 
Jewell Electrical Instrument 
Weston Electrical Inst. Corp 
REFRACTOMETERS 
Akatos, Inc. 
Bausch & Lomb Optical 
Spencer Lens Co. 
REGULATORS—See Controls 
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INSTRUMENTS 





RELAYS sss 
Genera! Electric Co. 
General Radio Co. 
Claud 5 Gordon Co. : 
Jewell Electrical Instrument Co. 
Leeds & Northrup Co. : 
Westinghouse Elec. & Mfz. Co. 
Weston Electrical Inst. Corp. 


REMOTE METERING EQUIP- 
MENT 


Bristol Company 

Brown Instrument Co. 

General ~ sa 

Leeds & Northrup Co. . 

Westinghouse Elec. & Mfg. Co. 
RESISTANCES—Evectrical 

General Radio Co. 

Leeds & Northrup Co. 

Spencer Lens Co. 
RHEOSTATS 

General Radio Co. 

Rubicon Company 

Spencer Lens Co. 
ROTOSCOPE 

Commercial Engg. Labs. 
RUBBER TESTING INSTRU- 

MENTS 


H. Z. Schniewind 
SACCHARIMETERS 

Akatos, Inc. 

Bausch & Lomb Optical Co. 

Spencer Lens Co. 

Taylor Instrument Companies 
SACCHROMETERS 

Tagliabue Mfg. Co., C. J. 
SALINITY INDICATORS 

Leeds & Nerthrup Co. 

Rubicon Company 
SCALES 

Amthor Testing Instrument Co 

Gaertner Scientific Corp. 

H, Z. Schniewind 
SCRATCH HARDNESS TESTER 
SEISMOGRAPHS 

Akatos, Inc. 
SERVICE RECORDERS 

Esterline-Angus Company 
SHUNT METERS 
SHUNTS 

Esterline-Angus Company 

Jeweli Electrical Instrument Co. 

Leeds & Northrup Co. 

Rubicon Company 

Weston Electrical Inst. Corp. 
SIGNALLING DEVICES—Auto- 

matic 


Brown Instrument Co. 
Stromberg Electric Co. 
SLIDE RULES 
SOIL PRESSURE CELLS 
SPECIAL INSTRUMENTS 


H, Z. Schniewind 
SPECIAL ELECTRICAL IN- 
STRUMENTS 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Esterline-Angus Company 
General Radio Co. 
Jewell Electrical Instrument Co. 
Leeds & Northrup Co. 
Rawson Electrical Instrument Co. 
Rubicon Company 
Weston Electrical Inst. Corp. 
SPECIAL RECORDING DEVICES 
Esterline-Angus Company 
SPECIFIC GRAVITY APPARATUS, 


American Meter Co. 
SPECTROGRAPHS 
Gaert ner Scientific Corp. 


SPECTROSCOPES 
Akatos, Inc. 

Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 
Spencer Lens Co. 

SPECTROPHOTOMETERS 

Akatos, Inc. 
Bausch & Lomb Optical Co. 
Gaertner Scientifie Corp 
SPEED INDICATORS 
See Tachometers 

SPEED RECORDERS 
Esterline-Angus Company 

STANDARD CELLS 
Weston Electrical Inst. Corp. 

STEEL TAPES 

STOP WATCHES 
American Meter Co 

STRAIN GAUGE 
Southwark Fdry. & Mach. Co. 

STRESS INDICATOR 

STROBOSCOPES 
Commercial Engg. Labs. 

SULPHUR DIOXIDE METERS 

American Meter Co. 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 

SULPHUR DETERMINATION 

APPARATUS 
Burgess-Parr Co. 
Tagliabue Mfg. Co., C. J. 

SUNSHINE RECORDERS 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Taylor Instrument Companies 

SUPERPRESSURE CATALYST 

EQUIPMENT 

SURGE INDICATORS 
General Electric Co, 

SURGE RECORDERS 
Esterline-Angus Company 
General Electric Co. 

SYNCHRONIZING FORKS— 

Electrical 
General Radio Co. 
Leeds & Northrup Co. 

TACHOSCOPES 
Brown Instrument Co. 

TACHOMETERS 
Amthor Testing Instrument Co. 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Company 
Foxboro Co, 


Jewell Electrical Instrument Co. 


Leeds & Northrup Co. 


Pyrometer Instrument Company 


H, Z, Schniewind 

Herman H. Sticht & Company 
Westinghouse Elec, & Mfg. Co. 
Weston Electrical Inst. Corp. 


TELESCOPES 
Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 


TENSILE TESTERS FOR PAPER 


WIRE, SHEETS, ETC. 

Amthor Testing Instrument Co. 

H, Z. Schniewind 
TENSIOMETERS 

American Paulin System, Ine. 
TENSOMETER Sigg mm oY 

Southwark Fdry. & Mach. Co. 
TESTERS, Gas 

American Meter Co. 
TESTING MACHINE— 
Universal 

Claud S. Gordon Co. 

H. Z. Schniewind 

Southwark Fdry. & Mach. Co. 


TEXTILE TESTING IN- 
STRUMENTS 
H. Z. Schniewind 


THEODOLITES 

THERMIONIC OXIDE RECTI- 
FIERS 

General Electric Co. 


THERMO-JUNCTIONS (Electric) 
General Radio Co. 


Rawson Electrical Instrument Ca 


THERMOMETERS 


Gas Filled 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Claud S. Gordon 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Mechanical 
American Meter Co. 
Brown Instrument Co 
Foxboro Co. 
Tagliabue Mfg. Co. C. J 
Mercurial 
Claud 8. Gordon Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
Resistance 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Claud 8. Gordon Co. 
Leeds & Northrup Co. 
Wilson-Maeulen Co., Inc. 


Vapor-Tension 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Claud 8. Gordon Co 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 
Claud 8. Gordon Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 


THERMOSTATS 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co, 
Claud 8. Gordon Co 
Minneapolis-Honeywell Co. 
laylor Instrument Companies 
Tagliabue Mfg. Co., C. J 


TIME OPERATION RECORD- 
ERS 


Bristol Company 
Esterline-Angus Company 
Foxboro Co. 

Claud 8. Gordon Co. 
Tagliabue Mfg. Co., C. J. 


TIME RECORDERS 
Bristol Company 
Brown Instrument Co. 
Eaterline-Angus Company 
Gaertner Scientific Corp. 
Claud 8. Gordon Co. 
Foxboro Co. 
TIME SWITCHES 
General Electric Co. 
Claud 8. Gordon Co. 
Westinghouse Elec. & Mfg. Co. 
TIME STAMPS—Automatic 
Stromberg Electric Co. 
TIME SYSTEMS—Electric 


Stromberg Electric Co 





MENTS 


INSTRI 





TIMERS 
Leeds & Northrup Co. 
Rawson Elec. Inst. Co. 
Stromberg Electric Co. 
TINTOMETER 
TORSIOGRAPH 
Lehmann & Michels 
TRANSFORMERS 
Esterline-Angus Company 
General Electric Co. 
General Radio Co. 


TRANSITS 
Engineer’s, Surveyors, Mine, 
Gaertner Scientific Corp. 
Pocket 
Taylor Instrument Companies 


TUNING FORKS-— Electrically 
Driven 
General Radio Co. 
Gaertner Scientific Corp. 
Leeds & N rthrup Co. 
Kubicon Company 

“U" TUBE MANOMETERS 
Amthor Testing Instrument Co 
Meriam Co. 

VACUUM RECORDERS 
Bristol Company 
Esterline-Angus Company 
Foxboro Co. 

VACUUM TUBE BRIDGES 
General Radio Company 

VALVES 

Automatic Shut Off 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 

Claud 8. Gordon Co. 
Tagliabue Mfg. Co., C. J) 

Balanced 
Brown Instrument Co 
Foxboro Co. 

Claud 8. Gordon Ce. 


Inc., 


Diaphragm 
Bristol Company 
Foxboro Co. 
( ‘laud S. Gordon Co. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Electrically Operated 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
General Electric Co. 
Claud 8. Gordon Cx 
Reducing 
Claud 8. Gordon Co. 
Tagliabue Mfg. Co., C. J 
Regulatin 
Brown — Co 
Charles Engelhard, Inc. 
Foxboro Co. 
Claud 8. Gordon Co. 
Minneapolis Honeywell Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
Safety, Fuel Shut-off 
Claud S. Gordon Co. 
Minneapolis-Honey well Co. 
Tagliabue Mfg. Co., C. J 


VENTURI METERS 
Brown Instrument Co 
Foxboro Co. 


VIBROGRAPH 
Commercial Engg. Labs. 
Lehmann & Michels 

VIBROMETER—DAVEY 
Commercial Engg. Labs. 

VIBROSCOPE 
Commercial Engg. Labs. 

VISCOSIMETERS 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 

VISCOSITY TUBES 

VOLTAGE DIVIDERS 
General Radio Co 


ee 


VOLT-AMMETERS 
Esterline-Angus Com; 
General Electric Co 
Jewell Electrical Instr 
Westinghouse Elec. & } 
Weston Electrical Inst 

VOLTMETERS 


Indicating 
General Electric ( 
General Radio Co 
Jewell Electrical Instru 
Leeds & Northrup ( 
tawson Electrical Instr 
Westinghouse Elec. & Mfg 
Weston Electrical Inst 
Recording 
Bristol Company 
Esterline-Angus Compa 
General Electric ( 
Leeds & Northrup ( 
Westinghouse Elec. & Mfg 
Thermionic, Oxide Rectifers 
General Radio Co. 
WATER METERS 
Foxboro Co. 


WATER & SEDIMENT APPA. 
RATUS 


Tagliabue Mfg. Co., C. J 
WATTHOUR METERS 
General Electric Co 
Westinghouse Elec. & Mfg. ( 
WATTMETERS 
Indicating 
General Electric Co. 
Jewell Electrical Instrument 
Rawson Electrical Instr 
Westinghouse Elec. & Mfg. ( 
Weston Electrical Inst 
Recording 
Bristol Company 
Esterline-Angus Compar 
General Electric C< 
WAVEMETERS 
General Radio Co 
WAX MELTING APPARATU 
Tagliabue Mfg. Co., ( 


Effective, September 29, the Phil idelphia Sales Office of Cutler-H 


will be located on the Tenth Floor of the new Terminal Con 


Building; 401 North Broad Street, Philadelphia, Pa. 
These new quarters also include warehouse facilities where a 


the more popular C-H Motor Control, Wiring Device and S$ 


items will be carried for immediate delivery. 
F. J. Burd is Manager of the Philadelphia District for Cutler-H 
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DIAL INDICATORS 


Fabric Gauges 

Rubber Gauges 

Tap Comparator Gauges 

Gear Toote Comparators 

Cutter Testing Gauges 

Internal and External 
Grinding Gauges 

Caliper Gauges 


Comparators 
Amplifying Gauges 
Thickness Gauges 
Depth Gauges 

Thread Lead Gauges 
Pitch Diameter Gauges 
Cylinder Gauges 

Paper Gauges 


Federal Products Corporation 
Providence, R. I. 


CHICAGO CLEVELAND DETROIT 





| 
| 
NEW YORK | 





When writing to the above company, please mention INSTRUMENTS 





INSTRUMENTS 
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Ames Micrometer Gauges 


for speed and extreme accuracy 
For almost every testing and measuring 

quirement—Precision Instruments for laboratory 
use — Uprizht Dial Gauges—Thickness Gauges— 
Dial Gauge Heads— Pocket Gauges — Com- 2 
parators — Densimeters — Lens Measures 
Halftonometers — Paper Gauges — Rubber 
Gauges—Automotive Gauges. 





Send for complete 
information obout them 


B.C.AMES CO., Waltham, Mass. 


Detroit Office, 902 Stephenson Bldg. 
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Electrical Measuring Instruments 


for use at communication frequencies (0 to several million cycles per second) 





Frequency Standards - Tube and Tuning Fork Oscillators - Resistance Boxes 
Bridges - Calibrated Inductors - Variable Air Condensers - Voltage Dividers 
Attenuation Networks - String Oscillograph - Thermionic and Oxide- 
Rectifier Voltmeters - Accessories: Rheostats, Transformers, Relays, etc. 


GENERAL RADIO COMPANY 


Manufacturers of Electrical Measuring Apparatus 
for Laboratory and Industrial Use 


CAMBRIDGE A, MASSACHUSETTS 














When writing to the abot ympanie ise mention INSTRUMENT 





INSTRUMENTS 





INDEX CARD SECTION 


A file card index will be a valuable asset. It is suggested that this index information 
mounted on cards, and filed in your desk or in a file box on top of your desk. You 
have within easy reach an index of instrument information of incalculable valu: 








THe HANDBOOK oF INDUSTRIAL INSTRUMENTS 
M.F. BEHAR, INSTRUMENTS, Vol. 3, October 1930, pages 605-622, 2 
trial Humidity Instruments. 
Chapter IX (cont'd) This installr 


MEASUREMENT OF AIR FLow 
E. OWER, INSTRUMENTS, Vol. 3, October 1930, pag 
Chapter VI nt The Venturi t nd the shaped 1 


MEASUREMENTS——INDUSTRIAL AND SCIENTIFIC. 
DR. WALTER BLOCK, INSTRUMENTS, Vol. 3, October 1930, page 
Chapter III. Measurement of v mes 








PYROM™METER TUBES 


ye FOR ALL PURPOSES 
iy As , Immediate Shipment 


fs : Write for Complete Catalogu: 
sa hg mg 
i 7 vv 


Claude 8S. Gordon Company 
“The House of Service” 
Established 1914 


Chicago Cleveland Indianapoli- 











WENNER RESISTANCES 


A new type of non-inductive, non-capacitive resistance 
for high frequency work, developed by Dr. Frank 
Wenner, chief of Resistance Section, Bureau of Standards. 


We are prepared to supply these resistances in units up to 10000 
ohms and in various decade combinations. Correspondence invited 


RUBICON COMPANY 


ELECTRICAL MEASURING INSTRUMENTS 
29 North Sixth Street PHILADELPHIA, PA. 
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Pyrometers 
Psychrometers 
Thermometers 
Regulators 
Recorders 
Barometers 
Saccharimeters 
Altimeters 
Hygrometers 
(nemometers 
Hydrometers 
Compasses 


And many others 


Write for Catalogs 


THE sixTH 





Standards of ACCURACY 


Tycos Engraved - Glass 


Thermometers 


O check temperature instru- 
ments, for general testing pur- 
poses or in precise laboratory 
work ... wherever a thermom- 
eter of unquestionable accuracy is 
necessary ... there is where you need 
a Tycos Engraved-Glass Thermometer. 
So versatile is this type of thermometer 
that there is no limit to the number 
of uses to which it can be put. Perhaps 
there is doubt concerning the accuracy 
of a recording instrument... a Tycos 
Engraved-Glass Thermometer settles 
the question. You may want to test 
the temperature of an automatically 
controlled process. Don’t trust a 
cheap thermometer, when for a small 
amount more you can own a Tycos of 
guaranteed accuracy. 
Tycos Engraved-Glass Thermometers 
are available in a size and range (up 
to 950°F.; 510°C) for every purpose. 
Some are protected by metal armor for 
use in test wells, and places where 
there is danger of breakage. Others 
are of convenient length and come in 
cases with clips for carrying in the 
pocket. They can be used for testing 
anything from asphalt, oils and sand 
to milk, fruits and meat. 


Write for Catalog Part 1400. 


Taylor Instrument Companies 


ROCHESTER, N. Y., U.S.A. 


SENSE OF InN DVvE TRY 


eee Temperature Instruments 


a TAT ING RECORDING ~ CONTROLLING 



































BRISTOL’S 


New 12-Point Rotary Selective 
Switch For Pyrometers 


General Construction:—Case is moist- turn of knob—regardless of sta 
ure-proof, made of cast aluminum point. This quick selection is 
and tapped for side or back connec- only more convenient, but red 
tion. Can be installed with conduit wear on contacts. 

pipe entering at bottom, top, or either All moving parts are easily accessible 
side; which makes it possible to get from the front for inspection 
most natural approach with a mini- a . ic ; 
mum number of fittings. For con- ee ee ee ee . 
cealed arrangements, opening is pro- jing any wires. 

vided in back of case. The INDICA- ; 
TOR SCALE is also a casting, with 
large raised figures and lettering 
easily read, even at some distance. 
The SWITCH KNOB is one piece 
bakelite molding, held to shaft by a 
key and screw. 


In addition to front cover of case. thy 
contacts are further protected [1 
dust and moisture by a second in: 
cover plate. 
Switch contacts are self-cleaning 
action. 
SPECIAL FEATURES Standard switch is made up wil! 
OPEN slots ; points, but can also be furnished 
The Scale is arranged in a half-circle 4, 6, 8, and 10, as well as any mult 
in such a way that neither the hand © of 12 by arranging number of switche 
nor arm of the operator covers up _ side by side. 
any part of the plate. For more complete informati: 
Special construction makes it possible _ prices, ete., write direct to Main (I! 
for operator to turn to any partofthe at Waterbury, Conn., or to Bris 
half-cirele scale with only a quarter Branch Office nearest you. 


THE BRISTOL COMPAN) 
WATERBURY, CONN. 


Branch Offices: 


Boston Philadelphia Birmingham Detroit St. Louis I 
New York Pittsburgh Akron Chicago Denver San Francis 


a Angeles 





